Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



,db,GoOglc 



<Us"- i\jfj 



HARVARD UNIVERSITY 




LIBRARY 

OFTHS 

Museum of Comparative Zoology 
' '■•■*■- -f «... .^trt f 



:] 



ccnodi,Go(5glc 






D„ii„.db,Go(5glc 



,db,GoOglc 



,db,GoOglc 



,db,GoOglc 



Htl^Sl- BULLETIN NO. 4 



\X. e IBM 



SOUTH DAKOTA SCHOOL OF MiNES 



Department of Geology. 



Rapid Citt. South Dakota. 



Ctuod^vCoOgJiiz--:- 



aCoogfc- 



BUIiliETIN NO. 4 



SOUTH DAKOTA SCHOOL OF MINES 



Depaetmemt of Geology. 



RAFIS CITT, SODTB DAKOTA. 



L D«ii„.db,Go(5nlc 



j«^SSS^S>^S'. 



4 



D„ii„.db,Go(5glc 



Letter of Transmittai. 



South Dakota School of Mines, } 
Rapid City, April 4, iqoo. j 
Sir: I have the honor to transmit herewith a paper by 
Dr. Cleopbas C. O'Harra on "A History of the Early Ex- 
plorations and of the Progress of Geolngical Investigation in 
the Black Hills Region," and also one on "A Bibliography 
ol Contributions to the Geology and Geography of the Black 
Hills region." 

I submit them with the recommendation that they be 
published as Bulletin No. 4 of the School of Mines. 
Respectfully, 

Robert. L. Slagle, 
President. 
Hon. H. H. Blair, 

President Regents of Education, 
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A HISTORY 

Of the Karty Explorations and of the Progress or Oeo- 
logical Investigation in the Black Hills Region.* 



By Cleofbas c. O'Hasra. 



Our knowledge of the Bliick Hills dates from near the 
beginning of the present century. The development of that 
knowledge, particularly as related to geology, may be con- 
veniently divided into three periods, viz.: the period of fur- 
trading exploration; the period of military and geographical 
exploration; and the period of geological exploration. The 
first includes the early half of the century and is almost 
barren of scientific results. The second includes approxi- 
mately the third quarter of the century beginning with the 
exploration by Dr. Evans in 1849, and closing with the mili- 
tary expedition under the command of Lieutenant-Colonel 
G. A. Custer in 1874. Several of the expeditions sent to 
the region during this period were accompanied by one or 
more geologists or topographers and in this way scientific 
information of much value was obtained. The third period 
begins with the Newton-Jenney survey in 1875 and extends 
to the present time. The Stanton military expedition was 
made later than this and indeed the Newton-Jenney survey 
was in the form of a military expedition, but since the 
explicit purpose of the latter was to investigate the geology 
and mineral resources of the region, which work was carefully 
and comprehensively done, the expedition may be fitly con- 
sidered as marking the beginning of a distinct period. 

The pioneer explorers of the northwest, Lewis and Clarke, 
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who made their famous exploratory trip to the mouth of the 
Columbia river during the years 1804-05-06, are credited 
with the first scientific mention of the Black Hills. The 
original map accompanying the report of this expedition 
represents the Black Hills as a single narrow mountain 
ridge extending from the South Fork of the Cheyenne river 
northwestward beyond the North Fork to the lower waters 
of Tongue river [Powder river?]. The report states that 
"Mr. Valle, a French trader, has ascended the Cheyenne 
for a distance of 300 leagues and reports that the Black 
Mountains are very high, covered with great quantities of 
pine and in some parts the snow remains during' the 
summer." It may be well to state lor the benefit of those 
not acquainted with the region that the distance here men- 
tioned is apparently quite too great and that the Black Hills 
region as now understood does not contain peaks reaching 
above the snow line as might be inferred from the quotation 
given. During the eariy part of the century the term 
"Black Mountains" or "Hills" was indefinite. According to 
some the term was apparently used to designate only the 
mountains between the Laramie plains and the Forks 
of the Platte. This seems to have been the idea entertained 
by the early geologists, James and Englemann and others. 
Many considered the term as referring to the hilly region 
between the North Fork of the Platte and the Black Hills 
region as at present defined. This usage is indicated in 
Figure 2, Plate II, in which is shown a portion of an excellent 
map published in 1S3S by Rev. Samuel Parker, who made 
extensive explorations in the Rocky Mountain region during 
the years 1835-36. More often the term was used to indicate 
two distinctly separated areas, designated as the Black Hills 
of Wyoming and the Black Hills of Dakota (or Nebraska). 
These referred to the Laramie Mountains and to the Black 
Hills as now understood. Plate IV, which is a reproduce 
tion of a portion of the map accompanying Lieut. Warren's 
"Report of Military Rcconnaisances in the Dacota Country, 
1855," indicates this usage although the Black Hills of 
Dakota are on ttiis map made to extend too far to the north- 
west. The term "Black Hills" was in fact used loosely and 
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for manyyears included practically everything mountainous 
between the Missouri and the Rockies. 

We are informed in Irving's Astoria that as early as 
the summer of i8il a party under the direction of Wilson 
P. Hunt, one of the membersof the American Fur Company, 
at the head of which was John Jacob Astor, while en route 
to the Columbia river from the old Arikarec village at the 
mouth of the Grand river on the ^Assouri, skirted the Black 
Hills on the north. They tried repeatedly to gain entrance 
into the Hills, but failed on account of the inaccessibility of 
the canyons where the attempts were made. The exact 
place of their approach is not known, but the supposition has 
been entertained by some that it was probably in the 
vicinity of Spearfish. Owing to thii uncertainty the posi- 
tion of their route has been represented conjecturally on 
the accompanying route map, i:*!ate I. The Hills are 
described as being "chiefly composed of sandstone and in 
many places are broken into savage cliffs and precipices, and 
present the most singular and fantastic forms."* 

Notwithstanding this early acquaintance with the Hills, 
general information concerning the region was for many 
years extremely meagre. Possibly occasional visits were 
made into the Hills by parties or individuals, a fur trading 
post having been established about the year 1830 at or near 
the junction of the North and South Forks of the Cheyenne 
river,t but the observations were either not recorded or were 
of such doubtful accuracy as to be of little scientific value. 

Important discoveries along the Missouri had directed 
the attention of geologists to the central and eastern parts 
of the state, but not until 1846-7 did they become especially 
interested in the mountainous western portion. Even then 
the interest of geologists in the Black Hills region did not 
originate in discoveries made in the Hills proper, but in the 
neighboring White River bad lands, the term "bad lands" 



fMaguire, H. N. The Coming: Empire, Sioux City, lowi 
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having been given by the early fur traders to this and simi- 
lar areas on account of their difficulty of passage,* 

Traders in the employ of the American Fur Company 
had at various times brought back interesting specimens of 
mammalian remains from the White River country and in 
1846 Dr. H. A. Prout, of St. Louis, in this way came into 
possession of a fragment of the fossil lower Jaw of one of 
these animals. The /American Journal of Science, vol, II, 
pp. 2S8-289, 1S46, ill Miscellaneous Intelligence, under the 
head of "Gigantic Paleotherium," gives a description, evi- 
dently written by Dr, Prout, of the teeth of this specimen, 
also a vertical view, natural size, of the posterior tooth, 
which was well preserved. In the same Journal, vol. HI, pp. 
248-250, 1847, Dr, Pro'jt, in an article entitled "Description 
of a Fossil Maxillary Bone of ii Palaeotherium near White 
River," gives a inore detailed description of the fossil 
referred to in the preceding volume. Two figures are given, 
one of the entire fossil as found and one of the last molar 
tooth. The locality where discovered is given as "near the 
latitude of 43 degrees and longitude 26 degees, or approxi- 
mately 150 miles south of St. [Ft.] Pierre and 60 miles east 
of the Black Hills. '+ About the same time a few specimens 
obtained in much the same manner as the one described by 
Dr. Prout were submitted to Dr. Leidy for examination. 
They form the subjects of short communications in the Pro- 
ceedings of the Academy of Natural Sciences of Philadelphia 
for 1847. These articles by Dr. Prout and by Dr. Leidy, which 
were the first to make public mention of White River fossils, 
opened the way for the extensive and important researches 
so persistently carried on in the White River Tertiary since 
that time. 

•Apparently Ihe earliest authentic reference to collections made in 
the Black Uills proper dates from the year 1850. Professor Ward in his 
paper on The Cretaceous Formations of the Black Hills as Indicated by the 
Fossil Plants, U. S. Geological Survey, igth Ann. Rept,, iBgg, p. gag, calls 
attention to Edgar Allan Poe's reference to "the discovery of a completely 
petrified forest near the head waters of the Cheyenne, or Chienne River, 
which has its source in the Black Hills of the Rocky chain." The works of 
the late Edgar Allan Poe, with notices of his life and genius, by N. P. 
Willis, J. R Lowell and R. W. Griswold; in two volumes; vol. I. Tales. 
New York, 1850, p, 139. 

fTbis inaccuracy of location is douhtless due to the general lack of 
knowledge at that time of the geography of the Northwest. 
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In 1849 ^''- John Evans, under the direction of Dr. 
David Dale Owen, United States geologist, led the first 
expedition into the White River bad lands for the purpose 
of scientific observation. Dr. Evans at this time secured an 
excellent collection of Tertiary mammaHan and chelonian 
remains and also collected many Cretaceous fossil in neigh- 
boring localities, particularly along Sage creek.* 

The report of this expedition, which includes our first 
authentic description of the physical features of these now 
celebrated "bad lands" is given in Dr. Owen's final re- 
port of the Geological Survey of Wisconsin, Iowa and 
Minnesota, pubUshed in 1852. A map, reproduced in Plate 
III, which is the first detailed mapping of any part of 
the Black Hills region, also descriptions and many plates of 
the fossils are given in the report, the vertebrate fossils 
being described by Dr. Joseph Leidy, the invertebrate fossils 
by Dr. Owen, 

In i8so Mr. Thatldeus A. Culbertson visited the White 
River bad lands under the auspices of the Smithsonian 
Institution and made an interesting collection. This collec- 
tion, together with material previously obtained, formed the 
basis of a paper by Dr. Leidy, published in iS;2 in the 
Sniithsonian Contributions to Knowledge, under the title of 
"The Ancient Fauna of Nebraska." 

In 1853 Dr. Evans again made extensive collections of 
Tertiary fossils in the White River beds and also of Creta- 
ceous fossils from the now well-known Sage creek locality. 
The vertebrates were described by Dr. Leidy in the Proceed- 
ings of the Academy of Natural Sciences of Philadelphia. 
Drs. Evans and Shumard made a study of the invertebrates 
and published their results in the Proceedings of the Acad- 
emy of Sciences of St, Louis. 

In the same year, 1853, Dr. F. V. Hayden and Mr. F. 
B. Meek, who with Dr. Leidy, already mentioned, made up 

•ThiB Sage creek, which IS a soulhern branch of the South Fork of 
tbe Cheyenne river, is east of the Black Hills, wholly within South Dakota, 
whirh at the time ot Dr. Evans" visit was a piri of Nebraska territory. It 
shOHld not be confused with another tributary of the South Fork of the 
Cheyenne, known as Upper Sage creek, formerly called Hac creek, lying, 
south -south west of the Hills in WyoraiDg. 
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a trio of scientists to whom especial credit is due for their 
work in developing the earlier knowledge of the geology and 
paleontology of the Black Hills region, were employed by 
Professor James Hall, state geologist of New York, to visit 
the White River bad lands for the purpose of making a 
collection of fossils. Their collection of mammalian 
remains, wljich was a particularly important one. was sub- 
mitted to Dr. Leidy for study. The invertebrate Cretaceous 
forms, which were of no less importance, were studied by 
Professor Hall and Mr. Meek and furnished a memoir pub- 
lished by the Boston Academy of Science, in which was a 
section prepared by Mr. Meek, showing for the first time the 
ordor of succession of the different beds of the Cretaceous in 
the Upper Missouri region. 

Dr. Hayden, in company with parties of the American 
Fur Company, spent the years 1854-55 in the Upper Missouri 
country. On March 9, 1855, he ascended Bear Butte and 
during the months of May and June of the same year be 
devoted thirty days to a study of the White River bad 
lands. The collection secured at this time was equally 
divided, one part being purchased by the Academy of 
Sciences of St. Louis and the other part by the Academy of 
Natural Sciences of Philadelphia. 

In 1855 a military force, under command of General 
W. S. Harney, passed through a considerable part of the 
Bad Lands along the old trail from Fort Laramie to Fort 
Pierre. Lieutenant Warren, topographical engineer to 
the expedition made a report of this exploration, 
in which is given much of interest concerning the geography, 
topography, meteorology, etc., of the country passed through. 
The report is accompanied by a paper written by Dr. 
Hayden, who gives an account of his work in the Bad Lands 
a few months previous to the military expedition. 

Two years later, in 1857, Lieutenant Warren accompa- 
nied by Dr. Hayden ;is geologist, conducted an expeditioa 
almost around the outskirts of the Black Hills. The first 
reliable geological information concerning the Hills proper 
was obtained at this time. The party consisting of twenty- 
two men set out from Fort Laramie September 4th and pro- 
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Figure 2, A portion of Rev. Samuel Parker's map of Oregon Territory, Indi- 
cating; the Black Hills as aicuated immediately north ol the Platte. The 
hook>shaped ridge within the forks of the Cheyenne, corresponds more 
closely with ihe position of the Black Hills as now understood. 
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ceeded direct to the Black Hills by way of Raw -Hide Butte, 
Old Woman creek, South Fork of the Cheyenne and Beaver 
creek. They entered the outskirts of the Hills along the 
East Fork of Beaver creek. Continuing northward the 
vicinity of Inyan Kara was reached, where after several days 
parleying with a lat^e force of Indians who were herding 
buffaloes in the Red Water Valley, the party was compelled 
to return southward. They retraced their route for a con- 
siderable distance, then passed around the southern end of 
the Hills, following in a general way the outer rampart of 
the Hills eastward, then northward to Bear Butte, which 
point was reached September 29th. After visiting the 
North Fork of the Cheyenne the party went from Bear 
Butte southeast to Elk creek — given in the report as Bear 
creek— which they followed one day toward its mouth; 
thence to the South Fork of the Cheyenne, striking it at the 
mouth of Sage creek. They ascended the Cheyenne to 
French creek, then ciossing the Bad Lands and the White 
river, passed out of the state between the head waters of 
Wounded Knee creek and White Earth creek. 

Chief among the geological results of this trip was the 
identification of Cambrian, Carboniferous and Jurassic rocks. 
From this expedition dates also the careful investigation of 
the topography and drainage of the region, practically noth/- 
ing having been known previous to this time concerning the 
detailed geography of the forks of the Cheyenne. The ex- 
pedition was in the nature of a rather rapid reconnaissance 
and although Lieut. Warren had but few instruments his 
work proved to be unusually accurate and all subsequent 
maps of the region up to the Newton-Jenncy survey of 187S 
were based on his work. 

It is especially worthy of mention that the Cambrian of 
the Black Hiils, then known as Potsdam and classified as 
Lower Silurian according to the usage of the time, was the 
first discovery of Cambrian rocks in all the Rocky Mountain 
region; also that Dr. Hayden obtained in the Hills at this 
time the first positive proof of the existence of Jurassic rocks 
in America. 

In May of this year, 1857, the first geological map of 
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the northwestern part of the United States which made any 
pretensions at accuracy, was published by Dr. Hayden in 
the Proceedings of the Academy of Natural Sciences of 
Philadelphia. The geology of much of western South 
Dakota is Indicated, but that part of the map representing 
the Black Hills proper is not colored. In June, 1858, a 
second edition of this map was published in the Proceedings 
and in this was incorporated the additional information ob- 
tained by the author during the previous year. The geology 
of the Black Hills proper is represented for the first time on 
this map. 

Plate V is a reproduction of a part of the "Map of 
Nebraska and Dakota," published in the Journal of the Pro- 
ceedings of the Academy of Natural Sciences of Philadelphia 
in 1869, and again in the Final Report of the U. S. Geologi* 
cal Survey of Nebraska, etc., in 1872. It does not therefore 
represent the earliest map, but it has received a wider circu- 
lation than the other and was apparently made from the 
same notes. 

In 1859 Dr. Hayden again visited the Hills, this time 
as geologist to the expedition led by Capt. W. F. Raynolds. 
The party left Ft. Pierre June 2Sth. The Cheyenne was 
crossed at the mouth of Cherry creek and the North Fork 
or Belle Fourche near the mouth of Bear Butte creek. Bear 
Butte was ascended by several members of the party. After 
leaving Bear Butte the route led along the outer rim of the 
Hills and the party passed beyond the state in a nearly 
northwest direction. In his geological report of this explor- 
ation, published in 1869, Dr. Hayden summarizes the struc- 
ture of the Black Hills as follows: "The nucleus or central 
portion is composed of red feldspathic granite, with a series 
of metamorphic slates and schists superimposed, and thence 
upon each side of the axis of elevation the various fossiliferous 
formations of this region follow in their order to the summits 
of the Cretaceous, the whole inclining against the granitoid 
rocks at a greater or less angle. There seems to be no un. 
conformability in the fossiliferous rocks, from the Potsdam 
inclusive to the top of the Cretaceous. From these facts we 
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Map of the White Rivbk Bad Lands, 

By Dr. John Evans, published in Dr. Owens' Final Reporl of the G«olog:iral 

Survej of Wisconein, Iowa and Minnesota, lS5l.--Recluced. 
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draw the inference that, prior to the elevation of the Black 
Hills, which must have occurred after the deposition sf the 
Cretaceous rocks, all these formations presented an unbroken 
continuity over the whole area occupied by these mountains." 
These structural features, later worked out in greater detail 
by Professor Newton, are indicated in Figure I, Plate II. 

Plate VI is a reproduction of a portion of the geologi- 
cal map based on the notes of this as well as previous expe- 
ditions and shows a much better understanding of the region 
than is indicated in Plate VI. 

In I861 , two years after the Raynolds expedition, Messrs. 
Meek and Hayden published in the Proceedings of the 
Academy of Ni^tural Sciences of Philadelphia the first com- 
plete section of the "Tertiary" Formations of the West. 
The series was subdivided into the four groups: I, Fort 
Union, or Great Lignitic; 2, Wind River; 3, White River, 
4, Loup River. 

Dr. Hayden visited the Bad Lands for the last time in 
1866. He went under the auspices of the Academy of Nat- 
ural Sciences of Philadelphia, passing up the Niobrara river 
to the mouth of the Minnechaduza; thence to the head of 
Little White river, thus observing and collecting in portions 
of the basin not before visited by him. This expedition 
closed Dr. Hayden's field work in the Black Hills region, a 
region whose geological interest was brought to the atten- 
tion of the scientific world largely through his researches. 
It is fitting therefore to relate here in Dr. Hayden's own 
words his idea of the importance of the region as a field for 
geological study. He says: "The Black Hills of Dakota will 
form one of the most interesting studies on this continent. 
There is so much regularity in the upheaval that all obscurity 
is removed and all the formations known in the West are 
revealed in zones or belts around the granitic nucleus in their 
fullest development. [A careful detailed topographical and 
geological survey of this range would be a most valuable 
contribution to science. In all the western country I have 
never seen the cretaceous, Jurassic, triassic, or red-beds, the 
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carboniterous and Potsdam rocks, so well exposed for study 
as around the Black Hills."* 

In iS74apartvor looomenundercotnmandof ColonelG. 
A. Custer explored considerable portions of the Hills, 
including much of the difficultly accessible and hitherto un- 
explored mountainous area. Captain William Ludlow accom- 
panied the expedition as chief of engineers, Professor N. H. 
Winchell as geologist and Mr. G. B. Grinnell as naturalist. 
The party left Fort Abraham Lincoln, near Bismark, North 
Dakota, July :st, and traveling in a general southwesterly 
direction, reached the Belle Fourche a little west of the state 
line July i8th. From here the route led southward to Inyan 
Kara; thence southwest to a point on French creek, nearly 
due south of Harney Peak. Here detachments were sent 
south to the South Fork of the Cheyenne near the present 
site of Edgemont; east along French creek nearly to its 
mouth; and north to the summit of Harney Peak. The main 
route was then retraced for a distance of about twenty-five 
miles, after which the party went northeast to the headwaters 
of Box Elder, which creek they descended to the Red 
valley. They then went north to Elk creek, where they 
passed out upon the prairie, then north again to Bear Butte, 
which some of the party ascended August 15th. The party 
then crossed the Cheyenne and passed beyond the state line 
on the return journey. Professor Winchell, as a result of this 
expedition, published a valuable report, including numerous 
sections and an important geological map. It is to be noted 
that he was the first geologist to reach the granite area. Dr, 
Hayden having had opportunity to study the central 
portion of the Hills only from a distance. Miners and pros- 
pectors accompanying the expedition reported the finding 
of gold and, although not yet opened by the government for 
settlement, prospectors began at once to flock to the region. 

During this year, 1874, the South Dakota-Nebraska 
boundary line was surveyed by Mr. Chauncy Wiltse and Mr, 
E. P. Austin, his assistant, the distance measured betn^ a little 
more than 224 miles. + 

•Preliminary Report ol the United States Geological Survey ol Wyom- 
ing and Portions of Contiguous Territories, 1870, Washington, 1871, 
page 98. 

fWheeler, George M., Explorations and Surveys, p. 733, iSSg, 
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A portion of Lieutenant}' Warren's ,ina,p MCompanriDg hiB "Report of Hilituy 
Reconnaissances in ihe Dacota Country 1855, showing, tppcozitnatety, the 
location of Che Black Hills of Dakota and die Black Hills of Wyominff, aa 
then understood. — Reduced. 
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The following year, 1875, is p<.rticularly piominent iii 
the history of the Black Hills. It was during this year that 
a party was sent out by the Secretaiy of the Interior unde 
the auspices of the United States Geographical and Geologi- 
cal Survey of the Rocky Mountain Region for the pur- 
pose of making a topographical survey and of obtain 
ing information regarding the geology, the mineral de- 
posits and other natural resources of the Hills. The pro- 
fessional work was performed by Walter P. jeniicy, E. M., 
geologist in chaise; Henry Newton, E. M., assistant geolo- 
gist; V. T. McGiUycuddy, M. D., topographer; Captain 
Horace B. Tuttle, A. M., astronomer; and W. V. Patrick, 
E. M., with a corps of eleven miners and laborers — sixteen 
in all. 

The party, with a military escort of 400 men under com- 
mand of Lieut.-Colonel R. 1. Dodge, left Fort Laramie May 
25th and reached the Black Hills on the East Fork of Beaver 
creek June 3d. From Camp Jenney on the East Fork of 
the Beaver the entire party entered the Hills proper, estab- 
lishing the first base of operations at the stockade* on French 
creek, 

"Here in order to expedite the work the corps was 
divided into two parties: (i) Mr. jenney with the miners, 
assumed the work of examining the mineral deposits and 
prospecting the various districts for gold, and {2) Mr. New- 
ton, Dr. McGiUycuddy and Captain Tuttle were directed to 
undertake the more detailed and thorough topographical 
and geological study of the country. When the region of 
the southern part of the Hills had been worked up as com- 
pletely as was practicable the entire expedition moved 
northward and established a second camp on Rapid creek 
below the forks, from which the region on each side was in 
a similar manner explored; a third camp was mnde on Bear 
Butte creek near Terry Peak, and a fourth on Inyan Kara 
creek, about ten miles southeast of Inyan Kara. From this 
last point the Bear Lodge range was examined by Mr. 

'Tile stockade was a strong enclosure situamd aboul three miles be- 
low the present site of Coster. It was erected in lanuary, 1S75 as a pro- 
tection from hostile Indians by the members of ttie first expedition to enter 
ibe Hills for the purpose ot -■^jtttement. 
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Jenney's party, while the other parly descendtd the Belle 
Fourche to the mouth of Bear Hutte creek, where all por- 
tions of Ihc expedition again met. The main body of the 
escort then skirted the Hills on the east side to Rapid creek, 
while Mr. Jenney's party crossed south east vvanl outside of 
the foot hills to the mouih of Rapid creek, and ilie topo- 
graphical party descended the Belle Fourche and ascended 
the South Fork of the Cheyenne to the mouth of Rapid 
creek, where all parts of the opediiion met September 22, 
preparatory to the homeward march. * * * * From 
the mouth of the Rapid the surveying party ascended the 
Cheyenne river to the mouth of Burntwood creek, and then, 
crossing eastward to the Whjte river, joined the main body 
of the military escort, which had crossed through the Bad 
Lands from near Spring creek. Thence following up the 
White river, via, the Indian agencies of Spotted Tail and 
Red Cloud, the expedition returned by the agency road to 
Fort Laramie."* 

The work of the party, although limited to a single 
season, was carefully done and the accumulation of facts was 
particularly satisfactory. Prof. Jenney's preliminary report 
on the mineral and other resources, in which much of im- 
mediate interest centered, was published in I876. It cleared 
away all lingering doubts as to the presence of gold in the 
Black Hills, f a considerable part of the report dealing espe- 
cially with this subject. It also contains a description of 
various mining districts in the Hiils and a discussion of the 
climate, water supply, soil, wild fruits, grazing and timber. 
The final report of the expedition, delayed at first because 
of the lack of appropriation and again on account of the 
death of Prof. Newton, which occurred at Deadwood, August 
5, 1877, was published in 1880, Mr. G. K. Gilbert ably editing 
Prof. Newton's unfinished manuscript. Prof, Newton showed 

•Report on the Geology and Resources of Che Black Hills of Dakota, 
withatlas, by Henry Newton, E. M.. and Waller P. .lenney, E. M., 1880, 
pp. 34-37- 

fProf . Jenney's tirst announcement of the finding pf gold dates really 
from June 17, 1875, at which lime he sent amessagc from "Camp on French 
creek, near Hsmey Peak," to the commissioner of Indian affairs at Wash- 
ington, announcing that he had found gold on the north bend of Castle 
creek, and southward Co French creek. 
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a clear grasp of the geological problems incident to the re- 
gion and discussed thera in a comprehensive manner. His re- 
port is a geological classic on the Black Hills region and is a 
fitting monument to his memory. 

In addition to the papers by Prof. Newton and Prof. 
Jcnncy four other papers were presented in the final report. 
Mr. Tuttle reported on the astronomical and barometric 
work; Professor Asa Gray on the collection of plants; Mr. John 
H.Caswell on the microscopic petrography and Professor R. 
P. Whitfield on the paleontology. The collection of fossils i» 
said to have contributed a latter amount of new material 
than that gathered by any previous single expedition to the 
west. Among the important results of Mr. Caswell's work 
was the accurate determination of various rock species 
among the later igneous intrusions of the Northern Hills 
It is of interest to note that he announced the discovery of 
phonolite at Black Butte, this being the first discovery of 
phonolite in America. 

An atlas of three maps accompanies the report. Of 
these the topographical map and the geological map served 
as the basts for all later field work until the beginning of the 
more detailed survey now being carried on under the direc- 
tion of the United States Geological Survey. The geo- 
logical map of that portion of the area lying in South Dakota 
is reproduced with slight revision, in Piate VII. The third 
map. a birds-eye view of the Hills, reproduced in Plate VIII, 
shows the general relief of the region and indicates in a 
beautiful manner the topographical relation which the Hills 
bear to the surrounding plain. In addition to the reports 
by the members of the scientific staff, Lieut, -Colonel Dodge 
published in i876an interesting and helpful book descriptive 
of the region. 

In 1877 Capt. W. S. Stanton, with a party of forty-one 
men, made important explorations into the Hills. Capt. 
Stanton, who had charge of the party and superintended the 
observations for time, latitude and magnetic declination was 
unaccompanied by a geologist, but had as members of the 
party a topographer and draftsman and a photographer, be- 
sides chain and rod men and a military escort. 

The party, leaving Fort Laramie August ist, and enter- 
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ing the Hills by way of Raw Hide Butte, Hat creek, [now 
called Upper Sags creek?] Old Woman creek, Beaver creek 
and Camp Jenney, reached Deadwood, August nth. They 
remained at Deadwood six days, making observations for 
latitude and longitude, after which the journey was contin- 
ued northwest to Spearfish, thence west and southwest up 
the valleys of the Red Water and the Belle Fourche to Fort 
McKinncy. This route from Deadwood was at that time the 
usual line of travel from the Black Hills to the Big Horn 
mountains, but so far as concerns that portion of the Belle 
Fourche along which the reconnaissance led little accurate 
information was known at that time. 

Later in the season the party again entered the Hills 
from Fort Laramie. They left Fort Laramie, September 
28th, for Fort Robinson, from which place they went nearly 
due north along the old Sidney-Deadwood stage and mail 
route to Rapid City, where they entered the Red valley, 
thence to Deadwood, October 11th, by way of Crook City, 
The route then led southward througli Custer, where a stop 
was made for special observations; thence south-southwest 
to Hat creek; theiice southeast to Fort Robinson, which 
place was reached October 25th. During these explorations 
observations were made as to latitude, longitude, altitudes, 
distances, comparative advantages ol routes, grazing and 
agricultural lands. The earlier route taken by the party into 
the Hills was the old mail and stage route from Cheyenne to 
Deadwood. This had two branches trom Hat creek. The 
eastern branch was the early stage route, but later the west- 
em branch was used instead. Captain Stanton's party first 
entered the Hills by way of the western branch, but later 
one of their routes led outward along the eastern branch. 

During this year, 1877, the southern part of the Dakota- 
Wyoming boundary line was surveyed by Mr. Rollin B, 
Reeves and Mr. Horace P. Tuttle, his assistant, the distance 
measured being a little more than 138 miles. 

Following the Newton-Jenney survey little additional 
information was gained so far as concerns the general 
geology of the Hills until the year i88R, when two publica- 



sdbvGoO^^lc 



«7 

n 

If 

H 

11 






,db,Go(5glc ' 



,db,GoOglc 



BUU-ETIN OF THE SOOTH DAKOTA SCHOOL OF HIKES. 33 

tions of importance were issued. The first of these was by 
Professor W. O, Crosby, on the "Geology of the Black Hills of 
Dakota," and was published in the Proceedings of the Boston 
Society of Natural History, .\mong the principle features 
discussed in this paper the following may be mentioned: 
the geological history of the region, the origin of the 
granite, the presence and metamorphism of the pre-cambrian 
conglomerate, the nature of the igneous intrusions of the 
Northern Hills, some of which were shnwn to be true lacco- 
lites, the formation of the contact ore deposits and the cause 
of the deposit of gravel and boulders, which cover the 
prairie for many miles beyond the limits of the Hills. 

The second paper, published in 1888, was a preliminary 
report on the geology and mineral resources of the Hills, by 
Dr. Franklin R. Carpenter, then dean of the State School of 
Mines. The conclusions reached by the author concerning 
the general geology of the region are much the same as those 
given by previous writers. The discovery of prominent pre- 
Cambrian conglomerates and of pre-Cambrian igneous rocks 
provisionally classed as diorites, is announced in the paper. 
Under the head of Mineral Resources the author gives a 
general review of the mineral industry as existing in the 
Hills at the time and discusses at considerable length the 
occurrence of gold and tin, A copy of Newton's geological 
map modified to show the results of later study is also given 
in the report. Plate VI H is a reproduction of this map as given 
by Mr, Persifor Frazer in his "Notes on the Northern Black 
Hills of South Dakota," published in the Transactions of the 
American Institute of Mining Engineers in 1897. 

During the same year, 188S, Professor Crosby published 
in the Technology Quarterly a short paper on "Quartzites and 
Siliceous Concretions," the paper having been suggested loy 
observations of certain phenomena on Box Elder creek. The 
part of the discussion referring particularly to the Hills 
deals mostly with the stliciBcation of the Cambrian quartzite. 

Duringthesummer of the following year, 1889, Professor 
C. R. Van Hise visited the region for the purpose of study- 
ing the older rocks and in March of the following year, IS90, 
published in the Bulletin of the Geological Society of Amer- 
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ica a paper, on "The Pre-Cambrian Rocks of the Blade Hilis." 
The more important results of his work were: the reirrange- 
ment of the areal distribution of the schists and sltttes as 
mapped by Newton; the presentation of evidefice that the 
basic eruptives, such as hornblende schists and diorite are 
probably older than the eruptive granite; that the pre-Cam- 
brian quartzites, qtiartz schists, mica slates, and certain of 
the mica gneisses are of clastic origin, while the hornblende ' 
schists are, at least in some instances, of eruptive origin; and 
that slaty cleavage, schistose structure and true bedding, 
although closely related to each other, are distinct phenomena 
and are all well represented in the pre-Cambrian rocks of the 
Hills. -^ 

The year 1892 marks the discovery of Silurian strata 
in the Hills. During this year Mr. C. D. Wolcott, 
director of the United States Geological Survey, published a 
paper in the Bulletin of the Geological Society of America 
entitled "Preliminary Notes on the Discovery of a Verte- 
brate Fauna in Silurian (Ordovician) Strata," in which he 
refers in a foot note to the receipt from Dr. F. R. Carpenter 
of specimens of invertebrate fossils, which establish the 
identity of Trenton Urata. 

In 1893 two valuable contributions to the geological lit- 
erature of the White River Bad Lands were published. The 
first of these by Mr. [. B. Hatcher, entitled "The Titano- 
therium Beds," was published in the American Naturalist 
and deals especially with the lithological character, areal 
distribution, method of deposition and triple division of the 
beds. 

The second paper was by Dr. J. L. Wortman "On the 
Divisions of the White River or Lower Miocene of Dakota," 
and appeared in the Bulletin of the American Museum of 
Natural History. The paper announced the discovery of a 
well-defined fossiliferous horizon above the already well- 
known Oreodon beds. The strata containing the fossils were 
designated by the author as the "Protoceras layer," from 
the characteristic vertebrate fossil, known as Protoceras, 
found in them in considerable abundance. 

The next publication containing a study of the general 
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geology oi the Black Hills region 'was issued in 1 894 as 
Bulletin No. I of the South Dakota Geological Survey, by 
Professor J. E. Todd, state geologist, under the title, "A Pre- 
liminary Report on the Geology of South Dakota." The 
report contains an excellent summary description of the 
geology of the Black Hills region as known up to that time 
and testifies to the accurate discriminating judgment of the 
author in discussing the results of previous work. Many 
new facts are also presented, the author having spent several 
weeks in the Hills making personal observations. 

In 1898 Bulletin No. 2 of the South Dakota Geological 
Survey was published. Six of the scientific papers contained 
in this bulletin deal more or less directly with portions of 
the Black Hills region. The work was carried on under the 
direction of the state geologist, mostly during the summer 
of 1895, and resulted in the discovery of important facts re- 
garding the structure and stratigraphy of the region. Among 
the facts brought out in these papers may be mentioned: 
the discovery of fossils in the lower part of the Purple Lime- 
stone; complex folding in the slates along Rapid creek; 
White River and Loup Fork Miocene beds over- 
lying the Laramie north of the Black Hills in Harding, 
Butte and Ewing counties, an area of considerable disturb- 
ance in Harding county; and lignite beds of importance in 
Ewing, Harding and Martin counties. 

In 1899 Mr. John D. Irving, of the Geological Depart- 
mentof Columbia University published an important paper 
entitled, "A Contribution to the Geology of the Northern 
Black Hills." This gives a detailed account of the geology 
of an area about eight miles square lying to the south of 
Little Crow peak and west of Central City and Englcwood. 
The author describes the topography, the sedimentary and 
igneous rocks and the ore bodies of the region, announces 
the determination of several new types of igneous rocks, 
describes the structural and dynamic relations of the erup- 
tives, indicates the causes influencing the formation of the 
various kinds of Black Hills intrusives and gives a geological 
map showing tfee- area! dis tri bu t i on of the rocks studied. 
Thie ore bodies are described with reference to their method 
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of formation and their present relations in the several mining 
localities of the area. 

In addition to the papers already mentioned, all of which 
deal more or less fully with the general geology of the Black 
Hills region numerous other publications have aided greatly 
in bringing about an accurate understanding of the geology. 
Owing to the fact that most of these papers are, in the main, 
restricted to some phase of economic geology or to particu- 
lar subjects of a mineralogical, petrographical or paleonto- 
logical character no effort is made here lo review them in 
detail. In the b'bliography published as the second paper 
of this bulletin, the genera! nature of the contents of each 
paper has been indicated. The first three classes of the publi- 
cations above mentioned are closely related and aside from 
indicating many interesting geological features of the region 
have directed careful attention to its valuable mineral re- 
sources. Concerning these mineral resources it need only be 
said that the knowledge of their varied nature has become 
widespead and the financial interests permeating every part 
of the region and assisting in its development is unmistakable 
evidence of their economic importance. 

In recounting the work carried on in the White River 
bad lands the various earlier expeditions to the region have 
been mentioned in consecutive order with some reference to 
the special results of each expedition. Since Dr. Hayden's 
last visit few field seasons have gone by without one or more 
collecting parties entering the basin for the purpose of ob- 
taining specimens from its well-filled beds. The detailed 
results of all of this work, which in the main is of a highly 
special nature, cannot be dwelt upon here. It must 
suffice to mention some of the institutions represented and 
the years in which the visits were made. Professor Marsh 
visited the region for the first time in 1868. Since then Yale 
University, through the instrumentality of Professor Marsh, 
has had collecting parties in the field during portions of 
thirteen different seasons, as follows: 1870. 1871, 1873, 1874, 
1886, 188;, 1888, 1889. l8qo, 1894. 1895, 1897, 1898.* The 
earlier parties were made up of instructors and students 

•A portion of the time indicated was spent in northwestern Nehraska. 
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from the university. Later the parties included only local 
collectors. Princeton University also early took an interest in 
the region, the first party, under the direction of Professor 
W. B. Scott, entering the Bad Lands in 1882. Collecting 
parties were again sent out in 1890, 1893 and 1894, the party 
of 1890 being as before under the personal direction of 
Professor Scott, that of 1894 under the direction of Mr. 
Hatcher, while the collections of 1893 were directed by both 
Professor Scott and Mr. Hatcher. The American Museum 
of Nataral History was represented by parties under the 
direction of Dr. J. L. Wortnian during the season of 1892 
and 1894 and the Field Columbian Museum tn iSgSbyaparty 
under the direction of Froressor O. C. Farrington, Other 
universities and museums have occasionally had represent- 
atives in the field and local collectors have supplied speci- 
mens to many institutions, both in America and in Europe. 
The result is that to the White River bad lands some 
of our best equipped museums owe many of. their finest 
specimens of fossil mammalian remains and our scientists 
one of the most fruitful sources of paleontoiogic interest. 

Reference has already been made to the surveys and 
explorations carried on in the Black Hills region under the 
direction of various government organizations before the 
establishment in 1879 of the present United States Geologi- 
cal Survey. Mention of the work of this latter organization 
has been purposely omitted in the foregoing pages although 
the consecutive order of investigation, as followed in the 
major portion of this paper, might seem to demand its earlier 
presentation. I have reserved mention of this work until the 
last, partly because of its present continuation, partly because 
of its more or less connected nature, but particu- 
larly because of the fact that the very character of that 
work is calculated to arouse new interest in the geology of 
the Hills and bids fair to mark a new period in the investiga- 
tion of the region. 

The U. S. Geological Survey began work in the Black 
Hills region in the year 1890, at which time the initial astron- 
omical point onwhich thetrlangulationof the region depends 
was established in the court house yard in Rapid City, by 
Mr. S. S. Gannett, assisted by Mr, A. F. Dunnington, the 
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object being to prepare a topographic map of the region 
suitable for use in subsequent detailed geologic mapping. 
During the field season of 1891 Mr, C. H. Fitch selected a 
base line in the valley of the Box Elder creek about four 
miles northeast of Rapid City, of which he made a preliminary 
measurement. Topographic work was carried on in the 
vicinity of Rapid City and Deadwood, by Messrs. R. A. 
Farmer and C. H. Fitch, the Rapid quadrangle being sur- 
veyed as well as portions of the Deadwood and Hermosa 
quadrangles. During the year 1893 Mr, E, M. Douglas 
extended the system of triangulation, previously begun by 
Mr. W. S. Post, over much of the region, locating eighteen 
stations and carefully remeasuring the base line previously 
established by Mr. Fitch. In the same season the Harney 
Peak and theOclrichs quadrangles were surveyed, Mr. R. A. 
Farmer surveying most of the Harney Peak quadrangle, 
and Mr. F. M. Bannon surveying the Oelrichs quadrangle, 
and the unfinished portion of the Harney Peak quadrangle.* 

In 1856 the U. S, government incorporated a consider- 
able portion of the wooded area of the Black Hills region in 
the Black Hills Forest Res:rve, since which time the Geo- 
logical Survey has again engaged in the work of mapping 
the region, making some revisions in earlier work and carry- 
ing the survey into new areas. As a result of this and 
previous work six topographic sheets have been issued as 
foHows:t 
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*A quadrangle, as defined by the United States Geological Survey is 
bounded by parallels and meridians and on [he scale used in tbe Black Hills 
contains onc'quarter ot a square degree, or approximatety looo square miles. 
The published topographic ma.p of the quadrangle is know as a lopoj[raphic 

f These sheets may be procured by anyone for five cents eacb by ad- 
dressing The Director, U. S. Geological Survey, Washington, D. C. 
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Thus the United States Geological Survey, having 
largely removed one of the most serious obstacles in the 
way of producing an adequate geological survey of the 
region, in 1858 entered upon a thorough investigation of its 
geology. Since that time all of the quadrangles have been 
wholly or partially studied, the results of which will, 
without doubt, prove an important (actor in the future de- 
velopment of the Black Hills region. 

In connection with this work three papers of particular 
interest have already appeared. One by Mr. Henry S. 
Graves on the "Black Hills Forest Reserve,"* another by 
Professor Lester F. Ward on "The Cretaceous Formations 
of the Black Hills as Indicated by the Fossil Plants, "f and a 
third by Mr, N, H, Darton on the "Jurassic Formations of 
the Black Hills of South Dakota."^: 

Mr. Graves defines the limits of the reserve and 
describes the topography of the region. He indicates the 
lands suitable for agricultural, grazing and mining purposes, 
as well as the character, distribution, condition and yield of 
the forest covered areas, suggests methods of management 
and gives a detailed description of the forest as developed 
along the various streams of the Hills. 

Professor Ward gives a history of our knowledge of the 
Cretaceous of the Hills, indicates the lower Cretaceous age of 
a considerable series of strata below the Dakota sandstone, 
describes the Cretaceous flora, particular attention being 
given to the Cycads which occur extensively developed io 
the region and gives in detail the geology of the Minnekahta, 
the Biack Hawk and the Hay Creek regions. Professor 
Jenney contributes the field observations in the Hay Creek 
coal field, Professor Fontaine the notes on the lower Creta- 
ceous plants from the same field and Dr. Knowlton on the 

•U. S. Geol. Samj, iglh Ann. Rept, pact V, pp. 67-167, pis. XIX- 
XXXVI. 

fU. S. Geol. Survey, 19th Ann. Rept., part II, pp. 537-945, pis. LIII- 
CLXXII, figs Ii7-i3a. 

{Geol. Soc. Amer., Bull., vol, to, pp. 3S3-396, pla. 43^> 
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fossil wood, genus Araucarioxylon, from the cycad bed two 
miles southwest of Minnekahta statJun. 

Mr, Darton gives a general discussion of the Black H ills 
Jurassic as now understood, points out the uncertainty of 
the Jurassic-Cretaceous contact horizon, gives the classifica- 
tion, composition, and nomenclature of the Triassic, Jurassic 
and LowerCretaceous(or Jurassic?) formations, describes the 
formations in detail as developed in various localities and 
outlines the history of Jurassic deposition in the Black Hills 
region. 
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or Contributions to the Geology end Geography of Oi* 
Black Hills Region.* 

BT GLEOPHAS C. O'fiABKA. 

1846. 

1. [PrOUT, Hiram a.] Gigantic Palacotherium. 

Am. Jour. Soi., vol. II, pp. 288-289. 

This 18 published undpr tbe bead of HiioelUuieoiu Inteltigenoe 
and IB the first reference to organic remains from the White River bod 
lands of South Dakota. The apeoimnn, which is a portion of the lower 
jaw, was obtained b^ Dr. Prout, of St. Lduib, from individli^ in the 
emplo; of the American Fur Company. A few measure men tu of the 
posterior tooth are given. 

1847. 

2. Prout, Hiram A. A Description of a Fossil Maxillary 

Bone of a Palacotherium from near White River. 



The fossil is described as having been discovereil near latitade48* 
north and longitude 26° west, or approximately ISOmilessonthof St. [Fb] 
Pierre.asd 60 mile^eastof the Black Hills. Thespecimen is n fragment of 
the inferior maxillary of the leftside, consistingof the porteHor part trf 
the bone, together with the last three molar teeth, the last one of which 

•This bibliography is not complete. Lack of oppoitonity has pre- 
vented Ihe iboiough examinalion of all of the geological literature; therefore 
a number of papers are necessarily omitted. This will perhaps be most 
noticeable to IhoEeinleiesledin vertebrate paleontology. Frequent requests 
for a list of publications on the geology of the region have led lo the publi- 
cattOD of the bibliography as here presented. With the exception of Nos. 133, 
133, 133, 145, 146, onlv the titles of papers are given which 1 have perscm- 
ally examined. Inlhccaseof the exceptions the titles, summarice of conlenls, 
etc, have been taken from Ihe U. S. Geological Survey bibliographies by 
Hr. Fred B. Weeks, the number of the bulletin being indicated. 
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ia quite well prexerved. Onn fi^re of the entire fnaail one-fourth nat- 
DTAl size, and one flgure of the last molar tooth four-Bf ths nfttural size, 
aie given. 



3. Leidy, Joseph. Description of the Remains of Extinct 

Mammalia and Chelonia from Nebraska Territory, 

Collected During the Geological Survey under the 

Direction of Dr. David Dale Owen, 

Report of a Geological Survey of Wi^conain, Iowa and Minneeota, 

snd I D>'i dentally a portion of Nebraska Territory, b; David Dale Owen, 

United States Geologist, Philadelphia, 18S3, pp. 03S-S73, tables IX-XV, 

map. 

The author oonsidera the strata as being of Eocene age and 
deacnbeti the followiog forms: Oreodon Culbertsoni, 0. gracilis, Falaeo- 
tberiumT proutii. Rhinoceros ocoiden talis, R. nebrascenBis, Arcliaeothe 
rium mortoni, Buorotaphus auritus. Hachairodus primaevua, Testudo 
nebraaccneis, T. oweni, T. culbertDonii, T. hemispherica. A synopsia 
of the following forms obtained from the same region is also given: 
Poebrotherium wilsoni, Ag^rochoeriu antiquua, Archaeotherium robua- 
tnm, Arcbitlterium bairdii, Testudo lata. 

4. Owen, David Dale. Incidental Observations on the 

Missouri River, and on the Mauvaises Terres (Bad 
Lands). 

Sepnrt of a Geological Survey of Wisconsin, Iowa and Miniw- 
sota, and Incidentally a portion of Nebraska Territory, by David Dale 
Owen, TTnited States Oeologist, Philadelphia. 1853. pp. 194-206, one 
fig,, one map. 

This paper contains the report of Dr. John Evans, who visited 
the Whito River bad landa during the summer of 1349. Mentions the 
finding of numerous and well-preserved fossils on Sage creek. Deficribes 
briefly the peculiar topographic featuresof the badlands and the general 
nature of the fossils found, Considera the beds as of Eocene Tertiary 
age, and as having been deposited in fresh water. A view of the bad 
lands and a columnar BBctioQ are given. The map by Dr. Evans is tha 
first detailed map of any part of the Block Hills region. 

5. Description of New and Imperfectly Known 

Genera and Species of Organic Remains, Collected 
During the Geological Survey of Wisconsin, Iowa and 
Minnesota. 

Report of a Geological Survey of Wisconsin, Iowa and Uinnesota, 
and Incidentally a Portion of Nebraska Territory, by David Dale Owen, 
United States Geologist, Philadelphia, 1853. pp, 678-587, tables I-YIII. 

Describes and figures the following named fossils from Sage creek. 
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18B4. 
6. Leidy, Joseph. The Ancient Fauna of Nebraska, or a 
Description of Remains of Extinct Mammalia and 
Chelonia from the Mauvaises Terras of Nebraska. 
Smith. CoDtrib. Enow)., vol. VI.. pp. 1864. 

Paper based on coUectiooB Bubmitted by the Smitheoniao lostitn- 
totion. Dr. David Dale Owen, Dr. Biram A. Frout nnd FrofesBor 
OXoghland. The fossils dt>ecnbed were all fonnd in the White Rivei 
bad lands, South Dakota, being st that time included within the Terri- 
tory of Nebraska, Qives a resume of our knowledge of Tertiary 
maminalB of North America, includes a bibliography of the literatnre 
and reviens the earlier explorations in the Bad Lands. Describes 
fifteen species of Mammalia, five species of Cfaelonia, give^ twenty-font 
excellent plates of several figures each and a map of the Bad Lands b^ 
Ihr. John Evans. 

1 836. 
7- Hayden, Ferdinand V. [Sketch of the Geology and 
Physipal Features of the Region of the Upper Mis- 
souri,] 
Explorations in tha Dacota country in the year 185S. by Lieuten- 
mnt O. E. Warren, Topograghioal Engineer of the "Sioux Expedition," 
89th Cong., Ist Seas., Sen. Ex. Doc. No. TO, pp. 60-76, Washington. 

Includes an account of the author's visit to the White River bad 
lands in May and June. 18SS, at which time a good collection of fossils 
wasobtained. Mentiooe tbe.faot of his ascending Bear butte on March 
9tb. prececding the visit to the Bad L^nds, 

8, Warren, Lieutenant G. K. Report of the "Sioux 

Expedition" of Explorations in the Dacota country, 
1855. 
84th Cking., let Sass.. Sen, Ex. Doa , No. 76, pp, 1-63, 3flga., mapa, 
Washington, 1856. 

OiveB a general account of the exploration, inclnding brief de- 
■criptiona of the Black Hills and the Bad Lands and the various rivers 
draining the region. Appendix A, accompanying the report, gives a 
detailed journal of the routeci, and Appendix D, dady observations ot 
weather conditions. Three maps accompany the report. ' 
1861. 

9. Hayden, Ferdinand V. On the Geology and Natural 

History of the Upper Missouri. 
Am. PhU. Soc., Trans,, vol. XII., pt. I, pp. 1-330, map. 
Contains the substance of a later offioial report made by Dr. 
Hayden, surgeon and geologist of the Expedition to the Upper Missouri 
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uid Yellowstone, under tbe command of Lieutenant Warren. Gives 
Ul account of the work of previouB explorers. Uuch of the paper is 
taken up with the geology io the immediste vicinity of the Blaolc 
Hills, this being the first detailed account of tbe geology of tbe region. 
Nnmeroiu columnar eectiona are giTen, aad certain correlations are 
made. An outlioe reduction of the map of Kanaas, Nebraeka and 
Dakota, abowing topography by WarreD and geology by Hayden, is 
klBo given. 

This paper, with little change, waipublishei by the United States 
government in I8SB, under tbe title. ' Qeological Report of the Explora- 
tion of the TellowBtone aod Misaoari Rivera." 

10. Meek, F. B., and Hayden, F. V. Descriptions of 
New Lower Silurian (Primordial), J urassic. Cretaceous 
and Tertiary Fossils Collected in Nebraska by the 
Exploring Expedition under the command of Captain 
W. F. Raynolds. U. S. Topographical Engineer; with 
some Remarks on the Rocks from which they were 
obtained. 
Phil. Aoad. Nab Sci„ Proo., pp. 41&-441. 
Refers frequently to fossils from Black HillB localities. 
1864. 
IL Meek, F. B. and Hayden, F. V. Paleontology of the 
Upper Missouri. 
Am. Phil. Sod., Trans., May; pp. 1-135, pis. I-XX, many figures. 
This is the firat part of a work coataiaing desoriptiona and illus- 
trations of the iDvertebrate fojail remaini oollected by Dr. Hayden and 
others while ooaaacced with the exploring expeditions nnder the com- 
mand of Lieuteaaat Q. K Warren. Preliminary notices of moot of 
the apaoies dejoribed hvd been previously published from time to time 
uader the joint names of tbe authors, in tbe Proceedings of the Phll^ 
delphia Academy of Scienoe. These were later lu'gely rewritE«n and 
extended by the senior author, Hr. Meek. Frequent reference is made 
to fossils collected in the Black Hiiia region. 

1868. 
12. Raynolds, Capt. W. F. Report on the Explorations 
of the Yellowstone River. 
Eept'Seo. War. 40th Conz-, lat Seas.. Ex. Doc. No. 77, 174 pp., 
■rap. 

Qives a journal account of tbe explorations and makes various 
references to tbe Black Sills region, ttie obeervatioDS having been 
made while akirting the Sills on the north. 
1869. 
■ 13. Hayden, F. V. Geological Report of the Exploration 
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of the Yellowstone and Missouri Rivers, under the 
Direction of Captain W. F. Raynolds in 1859-60. 
8vo, 174 pp., map, WoBhingtoa. 

This paper, with little change was published in the TransaotioDS 
<rf lfa« Amerioan Philosophical Society, vol, XII, pt I, pp.1-380. See 
I8S1. 

14. ■ On the Geology of the Tertiary Formations of 
Dakota and Nebraska. 

Phil. Aoad. Nat. Sci., Joutn., vol. Til, pp. 9-21., map. 

Beviews the Tertiary hbtory of tbe West. Deecribes the aroaa 
covered by Tertiary lates, giveaa general seclion of tb« itortiary rocke 
of Nebraska — including Soudi Dakota, a vertical eeot'on Bhowliig the 
order of superpoBition of tlie different beds of the Tertiary baemoT 
White and Nicbrara rivers. DiscHssns tbe origin of the eedinteots and 
method of accumulation of the fossils and gives a catalogue of liko 
ttnimale thus far discovered in the Whitn River basin, showing tbv 
vertical range of theBpeoiee. The geological map accompanyijig this 
paper shows anerror in the coloring by a transfer of tbe colors used 
for the granite and metamorpbic to tbe Potadam sandstone and vUe 

15. Leidy, Joseph. The Extinct Mammalian Fauna of 

Dakota and Nebraska, Including an Account of Some 
Allied Forms from other Localities, together with a 
Synopsis of the Mammalian remains of North 
America. 
PfaiL Acad. NaL ScL, Jour., vol YII. pp. 38-473. pis. I-XZIX 

Gives a brief account of the early expeditions to the White River 
bad lands. Desoribes the manner and the degree of petrifaction of tha 
bo nf . Deecribes and figures seventy-seven species of mammals, moet 
of which are from tbe White River beds and believed lo be of Miocene 
age. 

1871. 

16. Havden. Ferdinand V. Geology of the Missouri 

Valley. 

Prelim. Rept. U. S. Surv. of Wyoming and Portions of Cootigu- 
otK Tenitoriee, 1871, pp. 85-168., map. 

Qives ageneral section of the Cretaceous rooks of tbe Northwest, 
aim a general section of tbe Tertiary rocks of ITebraska. inoluding what 
is now Sootb Dakota. Indioatee the value of a careful topographioal 
acd geological survey of the Black Hills region and gives an interesting 
dewription of tbe White River bad Lands with afigureof tbesanw. In 
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r in oolorii^ re- 

17. Leidy, Joseph. Report on the Vertebrate Fossils of 

the Tertiary Formations of the West. 

PreLim. Kept. U, S. Qeol. Surv. of Wyomiug and Portioneot 
Ckintiguous Tciritoriin, 1871, pp. B40-370 

Brief notice of vertebrate fowila collected in the Tertiary deposits 
of the West, nta,aj of which were obtaiaed ic the White River bad 
lands. A fuller account of moet of theeeis given by the author in "The 
Extinct Matumolian Faunaot Dakotaaod Nebraska," publisheilia 1B69. 

18. Remarks on Fossil Vertebrates from Wyoming, 

Phil. Acad. Nat. 8ci.. Proo., Aug. S, 1871., 

Contraits the Wyoming Tertiary fauna with the later fauna of 
the bad land& of tbe White River an . of the Niobrara of Nebraaka. 
States that "amonK the large number of fosailt from these two locali- 
ties, rich in evidence of mammalian life, there occur the remains of a 
single species of turtle in ea^h and none of crocodiles or other reptiles." 

19. Newberry, John S. The Ancient Lakes of Western 

America; Their Deposits and Drainage. 
Am. Nat., vol. IV, pp. 611-S60. 

An interesting discussion of tbe lakes, particularly thoae of Ter- 
tiary age, but makes no specific mention of the White River bad lands. 
Published also in the Preliminary Report, U. S. Qeologfcal Survey of 
Wyoming and portions of Contiguous Territories, 1871, pp. 83Q-83Q. 
1873. 

20. Leidy, Joseph. Contributions to the Extinct Verte- 

brate Fauna of the Western Territories. 
U. 9. Qeol. Surv. of the Terr., Rept, vol. I. pt. I. 358 pp. ; pL 
I-XXXVII. 

Refers frequently to the fossils from the White River Tertiary by 
way of comparison . 

1878. 

21. Grinnell, George B. Paleontological Report. 

Ene. Dept., TT. S. Army, Report of a Reconnaissance of the Black 
mils of Dakota, made in the summer of 1874, Svc. pp. 7S-78. 
Oives nameti of fossils and looalitiea where collected. 

22. Hayden, Ferdinand V. Catalogue of the Collections 

in Geology and Natural History Obtained under 
Command of Lieutenant G. K. Warren. 

n, S. Army, Eng. Dept., Rept. to Lieut. Q. K. Warran io hia 
Beport to Captain A. A. Humphreys, pp. 61-12S. 

Discusses the reeutts of geological study in Nebraska and Dakota, 
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by Dr. Hajden, cbieflj' while with Lieu*'«iiajit Warren. QlvM 
Tariau9 columnar sections and tables of colleotiuni. Much of the (mper 
refers to the Black Bills region. 

23. Ludlow, William, Engineers' Report. 

Eng. Dept., TJ. S. Armj', Report of a Beconnsissaaoe of Uie 
Block Hills of Dakota, made in thesummer of 1874, Svo. pp. 1-19., map. 

Gives an account of the oricanization of the party and a general 
deacriptioD of the country passed through. Tables of observations for 
time and latitude accompany the report, 

24. Marsh, Othniel C. Notice of New Tertiary Mam- 

mals. 
Am Jour. Soi.. Sd aer.. vol. IZ, pp. 380-350. 
Describes Laopitbecus robuslus from the Oreodon beds of th» 
White River Miocene. 

25. Ancient Lake Basins of the Rocky Mountain 

Region, 

Am. Jour. 3ci., 8d ser., vol. IX, pp. 40-519. 

Describes the Eocene. Miocene and Pliocene lake basins including 
ibe White River basiu uear the Black Hills. 

26. Warren, Lieut. G. K. Preliminary Report of Ex- 

plorations in Nebraska and Dakota in the years 1855. 
56.57. 
U. S. Army, Eng. Dept,, Rept; to CapL A. A. Humphreys, 8vo„ 
125 pp., map. 

Gives an acoount of roules explored, the geography, character of 
soil and reaourcus. cliinate. comparative advantages of diSereut routes, 
etc. Much of this has to do with the immediate vicinity of tbe Black 
Hills, 

27. Whitfield, Robert P. Descriptions of New Fossils. 
Eng. Dept., (T. S. Army, Report of a Recoanaisiance of die 

Black HUU of Dakota, made ia the summer of 1874^ 8to. pp 103<ll)4, pL 
Oaaoribea and figures Obolus peotenoides and Terebratula heleoa, 
also figures Lingulepis primaeformis. 

28. Winchell, N. H. Geological Report. 

Eng. Dept., V, S. Army, Report ot a BeoouDaissance of the Black 
Hills of Dakota, Made in thx Summer at 1874 8vo, pp. 21-66, map. 

Gives lesulie of the geologicitl inveetigations in journalistic form 
without especial effort at generalization. Uany sections and figures 
wre given. Digtinguishes and defines the Minnelusa sandstone, the 
name being derived from the Minnelusa valley, in the western part of 
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Hills. DaterminM the xe^'lozica' sge of aome of the rooha more defi- 
■itfllj than hud been pouible in previoas lurveys. A. valuable geologi- 
ml map aooompaniea the report. 

1876. 
39. Dodge, Lieut. Cou Richard I. The Black Hills. 

Sm. Bvo., ISl pp., Upls. New York. 1876. 

Oirea "a minute description of the routes, scenery, soil, climate, 
timber, gold, geology, zoology, etc., with an accurate map, f our aectional 
drawings and ten plaKa from photographs taken ontheapot." The 
book 1h a delightful narrative of the Newton-Jennuy survey of 1875 and 
oontaina much information of value to those intereated in the early de- 
velopment of the region. 

30. Meek, F. B. A Report on the Invertebrate Cretace- 

ous and Tertiary Fossils of the Upper Missouri 

Country. 

U. S.OaoI. Surv. of the Terr., Sept., vol.IZ, ea9pp.,pL I-XLV. 

Deacribea and flgurea many Invertebrate forme collected by Dr. 

Hayden in the Blaob Hills region. Preliminary notioes of most of 

Owae had previously appeared in the Proceedings of the Academy of 

Natural Soienoos of Philadelphia, 

1878. 

31. Maguire, H. N. The Coming Empire. A Complete 

and Reliable Treatise on the Black Hills, Yellowstone 

and Big Horn Regions. 
Small Svo., Sioux City, Iowa, 1878. 

A narrative of early history. Oivee reasons for supposing that 
gold was found in the Blacb Hills as early as 1849. 

32. Stanton, Capt. W. S. Annual Report Upon Explor- 

ations and Surveys in the Department of the Platte. 

Ann. Kept. Chief Eug., Append. R. R., pp. 1700-1747;- pi. 1-14. 

An account of explorations in the Blaok Hills region. Gives a 

deeorlptioa of routes and includes hypsometric, astronomio and baro- 

metric measurements, 

1879. 

33. Cope, Edward D. The Relations of the Horizon of 

Extinct Vertebrata of Europe and America. 

n. S. Geog. and GeoL Surv. of the Terr., BulL, vol. T.. No. 1 , 
PP.88-M. 

Includes oomparisons and dieouseions of relations of the White 
Kvor Tertiary to similar formations «Isewherf> in America and in 
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Europe. A diftgraoi u givea, showing (be proper positioa, piJemilo- 
logioallr oonaidenMl, of Uie seriN of AmecioMi and EuropMD snmta. 



34. Caswell, John H, Microscopic Petrography [of the 

Black Hills.] 

IT. S. Oeog. and Qeol. Sarv., Report on Uie Oeoli^iy and Reaoaxam 
ot tbe Black Hills of Dalcoca, pp. 471-037, pU. I-II. 

Qives a careful description of tttequarizitaa. mica scbisca, alatea, 
rhyolites, crachyt«B, and phonolitee of the Black Hills. .Eight flgntee 
ftooompanying the report ihoir the miorosuopio structure of two 
rhfcdites, two pbonolitea and foar eanadine trachytes. 

35. Cope, Edward D. On the Extinct Cats of America. 
Am. Nat., vol. XTV, pp. 888.808. 

Deecrihea Hoplophoneus ptimaevus from the White Riyer beds 
and refers to others from the same locality. 

36. Jenney, Walter P. Mineral Resources of the Black 

Hills of Dakota. 

V.fi. Oeog. and Oeol. Surr., Report on Clie Gieology and B»- 
souroes of the Black HIIIb of Dakota, pp. 330-800. 

Paper largely taken up with the oonsideration of the value and 
character of the gold deposits. Gives a classification of thedencslta 
and describes the geology and reaouroea of the various mining distriota. 
Condudea that there la gold enough in the Black Hills to oaoaa a thor- 
onfch asttlement of the country. 

37. Climate and Resources [of the Black Hills.] 

n, S. Qeog. andQeoLSurv,,ReporIon the Geology and Beaouiaw 
of the Black Hills of Dakota, pp. 801.834. 

Gives a description of the climate, water supply, soil, wild fmiti 
grasiDg and timber. 

38. Newton. Henry. Geology of the Black Hills. 

17. 8, Gflog. and Geol. Surv., Report on the Geology and Besouroea 
of the Black Hills ot Dakota, pp. l-Saa, figs. 1-37, mapa. 

Report of Geological work done during the year 1870, the paper 
being edited by Ur. G. BL Gilbert on aoooiinC of the death of Ur. New- 
Ion soon after the completion of tbe fljid work. The paper Is a 
oon^rehensive description of the general geology of the Black Hilb, 
including observations along the routes to and from the Hills, Qives 
an account of the origin and organization of the Newton-Jenney survey, 
also a brief sketch of previous explorations in the Upper Miaaouri 
region. DiBOussea the structure of the region, the probable geological 
hiatcvy of the Hills, the aee of the igneous, metanlorphiD and sedimen- 
tary rooks, together with their manner of formation or deposition and 
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the relation of tbe topograph; and draina^ to the otrticture. Mnoh 
attention ia given to tna deacription of tbe varioua formationa inolud- 
tng their tbiokneaa, general character and areal distribution. Nume^ 
ooa excellent structures and columnar aectiona are given. A large 
atlas containing a colored geological map, a topographic map and a 
bird's-eye view of ttte region, acoompaniea tbe complete report. 

39. Whitfield, Robert P. Palcontological Report on 

the Fossils Collected by the United States Geological 
and Geographical Survey c' the Black Hills. 
U.S. Olog. and OeoL Surv., Report on the Qeologf and Be- 
■onroee of tbe Black Hills of DakoU, pp. 83S.468 ; pU. I-XVL 

Describee and flgurefl IIT species. Of these ihirleen are from the 
"Potsdam KToup." thirty-three from the Jurassic and aeventy-one from 
the Cretaceous . A synopsis oF speoies from the Black Hills, noticed ia 
Other .vorkabnt not described in this report, ia also given. 
1882. 

40. Cope, Edward D. The Tertiary Formations of the 

Central Region of the United States. 

Am. Nat. Uch., pp 177-lSQ. 

DiacuBsee tbe topography, structure stratigraphy and paieontol* 
ogy of the variona reKiona. Uuch of the information in regard to the 
White River area is obtained from papers written by Dr. Hajden. 

41. Review of the Rodentia of the Miocene Period 

of North America. 

U.S. Geog. and Oeol. Surv. of the Terr., Bull, vol. VI, pp. 
861-886. 

Qivee a table showing the distribution of the apecles of the AiDer- 
ican Hiooene rodentia of which eleven species are represented in tbe 
White River beda. 

42. Devereux, Walter B. The Occurrence of Gold in 

the Potsdam Formation, Black Hills, Dakota. 

Am.InsL Ilin. Eng., Truis., vol. X. pp. 463>476. 

States that tbe gold occurs as a mechanical and as a chemical 
oonetituent Oonaidars that the deposits, a conglomerate, are ouean 
■ediments laid down on a beach. States that the gold may be called 
|daoar gold and tbe deposits fossil placers. Discusses the condition of 
dapc»icioa and coaceatrationof the gold, the percentage of silver and 
the probable geological history of evente leading up to the formation 
of the deposits. 

43. HaYDEN, Ferdinand V. Report of the Director, 
n. a Gaol. Surr., %1 Ann. Bept., pp. 42-44. 

Reviews bria&y the geology and geological work of tba Blaok 
Hilta region. 
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44. King, Clarence, Production of the Precious Metals. 

U. S.',aeol. Surv. . 2d Ann. Rept. . pp.S837-401, pi, XLVIII-LIII. 

Qivea the production of gold and ailver from the deep mioes of 
Cneter, lAwrence and Pennington counties, and the production of gold 
from the pUcer mines of Lawrence and Pennington counties for the 
year ending Mar.Sl, 1880. 

1883. 

45. Blake, William P. Cassiterite, Spodumene and Beryl 

in the Black Hills, Dakota. 

Am. Jour. Soi., 8d ser., vol. XZVI, p. 235. 

Gives a short deaortptioa of ^tha minerals, their ocourrenoe, and 
oryiitallization. Refers partiouUny to the Etta claim in tbn Harner 
Peak district. 

46. Cope, Edward D. On the Extinct Dogs of North 

America. 

Am, Nat., Harou, pp. 

Uentions Galeoynus greKft^ius as abundant in South Dakota. 

47. Lesquereux, Leo. Contributions to the Fossil Flora 

of the Western Territories, Part III, the Cretaceous 

and Tertiary Floras. 

IT. S. GboI. Hutv. of the Terr., vol. Vtll, 383 pp., pis. I-LTX. 

Under the head "Description of Uiooane species from specimens 

obtained in the 'so-called Bad Lands of Dakota." the author describes 

and figures nunieroos specimens obtained from Protauors Denton, 

UoBride and WinohelU In most oases the exact locality is not given. 

48. Williams, Albert, Jr. Mineral Resources of the 

United States. 

XT. 8. Qeol. Snrv., Min. Res., 8vo., 813;pp. 

References to Blaiik Hills resources are given as foUoirs; p. 40, 
coal;pp.l72-185, gold and silver ;p. SUB. gypHum; p. 641. salt; p. 583, mica; 
p. 691,lgraphiCe. Page T54 contains a table of orss and minerals of 
indoetrial importance mined or known to be present in tlM Blaok Hills. 

4884. 

49. Blake, William P. Columbite tn the Black Hills of 

Dakota. 
Am. Jour. Sci., 8d ser.. voL XXVUI, pp. 840-841. . . 
This is the first notice of coLombite from the Black Hilla. The 
anthor describes the columbite in the Harney Peak district, partioularly 
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at the Etta and ike Ingeraoll mines, Attbe latter place a iDaas approx- 
imate!; 30x30x34 iacbes aad one ton in weight, waa found protruding 
ttova a matrix of albite and quarts. 

50. SCHAEFFER, CHARLES A. A New Tantalite Locality. 
Am. Jour. Sci.. 8d wr., vol. XlVm, pw 480. 

Gtivea ohemioal analysis and speoiOc gravi ty of tantalite from ttie 
Black Hills, associated with soorodite, lencopjriia and olivenite. 

51. Note on Tantalite and Other Minerals Ac- 
companying the Tin Ore in the Black Hills. 

Am. Inat. Hin.Eng., Trana., vol. XIII, pp. 381-2S3. 
DsBOribee epeoimens from tbe Etta tin mine and gives a chemical 
atialyais of the tantatile. 

1880. 

52. Blake, William P. Tin Ore Veins in the Black 

Hills, Dakota. 

Am. Inst. Hin. Bug., IVans., vol. XIII, pp. 6&l-e«6. 

Discusses the ocourrencb and associatee of Ibe Black Hills caseit»- 
rite, the structure of tbe Etta vein, the percentage of casaiterite in the 
ore, extent of the titt region aud the time of origin of ifae tin ore and 
its assooiatea. 

53. Tantalite and Columbite in the Black Hills of 

Dakota. 

Am. last Min. Bog., Trans., T<d. XIII, pp. 696-697. 

Qivea obaer^eions ^pon the ooonrMuoe of Ibe mhieials with flw 
tin ore. States that one mads of oolnmbite or tantalite from the 
acersoH olalm weighed ^qtroadmatelj two thousand pounds. 

54. Emmons, Samuel F. Geological Sketch of the Black 

Hills of Dakota. 
Tenth Census, vol. XHI, Precious Metals, pp. 89-04, 
BeviewB the geology of the HiUs, much of -tbe information being 

obtained from papers b; ProfeBSore NewtiHi, Jenney and Devecenx. 

Uany Black HilU mineral, their localities and associates are also given. 

55. Williams, Albert, Jr. Mineral Resources of the 

United States. Calendar Years 1883 and 1884. 
U. S. Geol. Suiv., HiQ. Kae..Svo., l<M6pp. 
Beferences to Black HOls TSeoucoes are givisn as foUows: pp. 
n»«%l, gold and silver; pp. 603-619, tin; p. 8ia. gypsum; p. 848, salt. 
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pp. 900-910. mica: p. eiS.aabMtiu; p.'.SSO, mineral waten. The report 
OB tin by Mr. W. P. Blake, nives an exoeltenC accaaaial Che gnologr 
&nd developmeat of Cue Blacic HUIb tin diatcioCs. 



56. White, Charles A. On the Fresh Water Inverte- 

brates of the North American Jurassic. 

n. S. Geol. SufT.. Bull. 39, pp. 1-24. pla. I-IV. 

Qivee desoriptiona and flgurea of oerCain epeoimens previoasly 
described by Meek aad Elafdan. Refers to these torms in a diaonaslon 
of the probable phjaioal afeography of Che region darinic the Jnniasio 

57. Williams, Albert, Jr. Mineral Resources of the 

United States, Calendar Year 1885. 
TT. 3. Oeol. Surv., Uin. Res., 8ro, S76 pp, 
Befereoces to Blaoh Hills resources are giren as follows: pp. 200- 
fl07, gold and silrer; p. 870, tin: p. 518, mica. 

1887. 

58. Day, David T. Mineral Resources of the United 

States, Calendar Year 1886. 

n. S. QtMl. Surv., Min. Rea., 8to.. 818 pp. 

Reference Co Black Hills resouroee are giren aa follows: pp. 104- 
108, gold and silver; p. 140, lead; p. 314, tin: p. 546, building stone; 
pp. 422-623, gypsnm. 

59. Marsh, Othniel C, Notice of New Fossil Mammals. 
Am. Jour. Soi., 3d ser., vol. XXXIV, pp. 228-8S1. 
Deeoribee Brontops dispor, Uenopi vaciooe, Titanops elatne and 

Allops serrotinus from the Uiooeue of Dakota. 



60. Carpenter, Franklin R. Notes on the Geology of 
of the Black Hills. 

Dak. Sch. Mioes, Prelim. Rept.. pp. 1-S2, map. 

Qivee a general descriptioa of the geology of the •vgion. Dis- 
credits the theory that the granites are eraptive. Announoes the 
diaooverj of prominenC conglomerates in the pie-Cambrian rocks and 
mentioDa the presence of a dike of igneous ronks, previa ionally classed 
asdioriU, alsoia the pre-Cambrian. Disousses the geological history 
of the Hilia. Considers that the Purple Limestone is a chemical pre- 
cipitate. Refers Co the "volcanic plugs or necks" of Che NorCbem Hills 
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and snggMta the Hpparenttr true lacooUtlc natare of gome of the in- 
ta'nfiona. A otdored geological map, slightly revised from Newtou'fl 
map, accompanies tbe paper. 

6i. The Mineral Resources of the Black Hills, their 

Character, Occurrence and Extent. 

Dak. Sch. Uine«, Prelim. Kept,, pp. 107-171. 

Deals moadr with the oocurreace and produotion of gold, silver, 
copper, nickel, tin, and struotaral materiala. ClwHifiee and dascribea 
tbe aoiiferouB deposits and desocitMS methods of treating the ere. Dis- 
cuBsee the occurrence and association of tbe cassiterite and suggeeta 
methods of treatment. Numerous tests are given showing the percent- 
age of block tin in the rook . 

62. Crosby, William O. Quartzites and Siliceous Con- 
cretions. 

Tech. Qunit^, Uay, pp. «tT-40T. 

Paper suggevt-ed by certain phenomena observed on Box Elder 
oreek. Notes the very variable nature of the lower beds of the "Pots- 
dam," it being oali^areous, glavconitic, a normal Bandstone. a congloDt- 
erate or a firm quartzite. Mentions dikes connecting tbe intrusive 
sheets. Divides the quartzites of the Black Hills into two diviaiona: 
those associated with igneous rocks and the quartzites beyond tbe in- 
fluenoe of voloanic action. Discusses the probable two-fold origin of 
the cementing silica. 

gj. Geology of the Black Hills of Dakota. 

Bost 80c. Nat. Bi«b.. Proc., vol. XXIII, pp. 48S^17. 

Describee the rocks and discuBses the structure and the history of 
the region. Thinks with Nnwton that the pre-Camhrian rocks niay 
be divided into two groups, viz.: an older or Weetem series and a 
younger or Eastern series. Deecribea the conglomerate of the EoBtem 
aeries, which prevloualy had not been observed. Concludes that true 
eruptive granite is probably entirely wanting in the Black Hills, but 
tiiat it is of the nature of segregated veins. Olves the probable relation 
oi the cones, sheets and dikes in the Northern Hills, sbowB tbe presence 
of true lAocolites and di«ou9see the cause of the Ooulder cap surround- 
ing the HilU, 

64. Day, David T. Mineral Resources of the United 
States, Calendar Year 1887. 

V. a. Qeol, Bnrv., Min. Res., 8vo, 883 pp. 

Beferencea to Black Hills Besources are given as follows: pp. 
68-68, gold and silver; p. 110, lead; pp^ 184-186, tin; p. 661, mloa. 
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I^gee 716-718 contain a table of ores and mlaerala of industrial im^r- 
tanoe mined or known to be preoenl in the Hilla. 



65. Marsh, Othniel C. Restoration of Brontops Robus* 

tus from the Miocene of America. 

Am. Jour. 8d.. 8d eer,. vol. XXXVII, pp. 168-165, pi. TI. 

Deecribes tbU aa beloDKing to tbe largeat group of mammala in 
the American Hiocene, the skeleton of wbicb was found in the White 
Biver beds in 1B74. States that the Brontotheridae to which the Bron- 
tops belongs nearly equalled in aiza the existing elephant, that it 
belongs to the distinct order of perissodactylea and that it is nuwe 
naarlT allind to the rbmooeroa than to any other living form . 

66. Ward, Lester F. The Geological Distribution of 

Fossil Plants. 
U. a Qeol. Snrv.. 6th Ann. Rept., part II, pp. 660 000, pL LZL 
R«f ers on pp . B08-904 to oollecilons of fossil plants from the Black 
Hills ifigion. 

67. Warren, Lieutenant G. K. Memoir Giving a Brief 

Account of Each of the Exploring [erroneously printed 
"English,"] Expeditions [West of the Mississippi 
River] Since A. D. 1880. 
n. a Qeog. Snrv., vol. I, Geoff. Rept, pp. 6IS~697 , map. 
This is abrief and excellent account of the many exploring expedi- 
tions sent out by the government pievious to the year MSI. The routes 
of several of the Blaok Hills expeditions are given, also the methods 
employed in making observations as well as titles of publications 
rdsalting from the work done. 

68. Wheeler, George M. Explorations and Surveys 

[West of the Mississippi River], 1857-1800. 

V.8. Oaog. Surv., vol. I, Qeog. R«pt., pp. 599-740, map. 

This paper is a continuation of the memoir by Lieutenant War- 
ren, published in the same reoort, aud tbe general character of the two 
papers is identical. 

iseo. 

69. Chance, H. M. The Resources of the Black Hills 

and Big Horn Country, Wyoming, 
Am. Inst. Min. Epg., Trans., vol XIX, pp. i&-68. 
Qiree the results of an examination made in 1887-86 of the coun- 
try lyinf!. between tbe Black Bills and the Big Horn mountains, fitfen 
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briefly to the structure, resouroee and loent ry ol the Hills. States that 
the oil and ooal depoaita near Newcastle are in the Dakota BandsttiDO. 

70. Clark, Frank W. Report of Work Done in the 

Oivision of Chemistry and Physics. 
V. 8. Qeol. Suiv., BulL No. 00. 174 pp. 

Oivee on pagea 185-186 an snalysie of Triplite from "a tin mine 
near Rapid City," as determined by L. G. Eabins. 

71. Day, David T. Mineral Resources of the United 

States, Calendar Year 1888. 
n. 8. Oeol. Surv., Hin. Ree., Svo, 603 pp. 

It«ferenoes to Black Hille reeources are given as follows : pp. 86-33, 
gold and silver; pp. 144-1S6, tin. 

72. Headden, William P. Columbite and Tantalite 

from the Black Hills. 

CoLSci. Soc., Proc, ToL in, pt. Ill, pp. 838-846. 

Notes that all of the Black Hills columbites are rich in manga- 
nese. Qivea the chemical composition and speciBo gravity of Ootumbite 
from seventeen different Black Hills localLties. Disouases the physical 
oharaoters and associatione of apeciroens from the Etta tin mines, the 
ohief source. Given also a description and tw.i analyses of manganese 
oolumbite from the Advance claim, one and one-half miles south of the 
Etta mine. 

This paper with some additions appeared in the American Jour- 
nal of Science for 1891. 

73. '-■ Notes on the Discovery and Occurrence of Tin 
Ore in the Black Hills, S. D. 

Col. ScL 80c., Proc., vol. Ill, pt. Ill, pp. 347-860. 

States that the earliest identification of tin from the Black Hilla 
was in 1876 by Mr. Richard Fearce, of Denver. Colorado, who detected 
casaiterite as stream tin in gold duat from the Northern Hilla. The 
eecond discovery was made on Elk gulch, southern section, in April, 
1877, The materia] from the latter place was assayed by TliBOdore 
"Voeburg, but the true nature of the bullion was first recognized by Hr. 
Fred J. Cross. Dates of various other discoveries and remarks on the 
general geology of the rt^gion are alao given, 

74. Marsh, OthNIEL C. Notice of New Tertiary Mam- 

mals. 
Am. Jour. ScU, Sd Ber,,vol, XXXIX. pp. 523-530, 
Describes from the "Miocene Brontotherium beds" of the White 
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River baeln : DiploconuR ampins, Teleodus avus, Colodon luxatus, H^o- 
potatniu deplvoins, Limnotiy opa latio^pe. 

75. Notice of Some Extinct Testudinata. 

Am. Jonr, Sci., 3d ser., vol, XL, pp, 177-178, pis. YlI-VUl . 

Describes the new epeciea Testndo brontope from tbe Lower 
Uiooene of South Dakota, which includes tbe largest Americoii tor- 
toises knowii, either 'living or extinct. States that some specimens 
observed in the lield are sarpassed in size only by the f(igantio forms 
from the Pliocene of India. 

76. Description of New Dinosaurian Reptiles. 

Am. Jour. Soi., 8d ser.. voL XXXTX. pp. 81-86. 

De«Dribee portions' of the new speci.'s and genus Barosaurus 
leutas and figures a caudal vertebra from PiednuHit, South Dakota.* 

77. Van Hise, Charles R. The Pre-Cambrian Rocks of 

the Black Hills. 
Qeol. 80c. Am., Bull . vol. I, pp. 208-25S, pis. 4-S. 

States that the slates and sohista cannot be divided into two 
series as given by Newton. Indicates two areas of crystalline schists, 
tiie larger lying as a broad zone about the granite, tbe other in the 
vicinity of Deadwood. Concludes with Newton that the main mass of 
the granite is eruptive and that the basic eruptive rocks are older than 
the granite. Reviews briefly the probable pre-Gambrian history of tha 
Hills. Considers that the quaitzites, quartz schiste. mica elates, mica 
sohists, and oertaiu of the mica gaeiasee are of clastic origin, while 
most or all of the hornblendic and ohioritic schists are eruptive; that in 
the original detritus of tbe micaceous ro^ks feldspar and quartz were 
tbe predominant minerals, but that the detritus of the qnartzites and 
quartz schists oontiJn little feldspar. States that the pro-Cambrian 
rooks resemble the Huronian iron-bearing series uf the Like Superior 
n^ion and that they are of undoubted Algonkian age. 

78. Walcott, Charles D. The Fauna of the Lower 

Cambrian or Olenellus Zone. 



of locality see the American Journal of Science, 
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1891. 
7Q. Blake, William P. Columbite of the Black Hills. 

Am. Jour. Sci., toL 111, pp.'408-40S. 

DNcribes Bpccimena from the Bita aod Bob Ingpranll miuM and 
Sivea meaaoreroents and three flguiee by Prufeseor S. L. Penfield. 

80. Clark, Frank W. Report of Work Done in the 

Division of Chemistry and Physics. 

U. 8. Oeol. Sutv.. Bull. No. 78. 120 pp. 

Qivea od p. 120 an analjais of ft mineral from the Brown tin 
mine, sappoeed to be LiebDeriie. Analyzed by W, F. Billebrand and 
E, L. Howard. 

81. Gannett, Henry. A Dictionary of Altitudes in the 

United States (second edition), 
n. 8. GeoL 8urv., Bull. No. 70, 89$ pp. 

Gives the altitudes of a number of points in the Black Hille and 
the authority for the same. 

82. Headden, W. p. and PiRSSON, L. V. On Black Rutile 

from the Black Hills. 
Am. Jour. Sci., vol. XLI, pp. 24Sh2S0. 

Describes crystals from the Harney Peak district. One figure 
and two chemical anolysee are given. 

83. Headden, William P, A New Phosphate from the 

Black Hills of South Dakota. 

Am. Jour. Sci.. 8d ser., vol, XLI. pp. 415^17 

Gives the physical cliuraclers and five chemical uialysee of a new 
phosphate found at the Riverton lode near Harney City, for which the 
author proposes thu name grlphite in alluaion to its unusual and some ' 
what enigmatical composition, A phosphate from Che Nickel Plate tin 
claim closely related to Triphylite ia also described and two chemical 
analyses given. 

84. Marsh, Othniel C. Geological Horizons as Determ- 

ined by Vertebrate Fossils. 
Am. Jour. Sci. Sdser., vol. XUI. pp, S3e-8S8, pi. VII. 
Mentions the prtwence of Baptanodon beds in South Dakota. 

85. Notice of New Vertebrate Fossils. 

Am. Jour. Sci., 8d ser., vol. XUI, pp. 260-269. 

The following new species of Brootoiheridae are described from 
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the White BiTer beds: Allopei crswiooruiB, BrcHitopB validns, Titanop* 

86. A Horned Artiodactyle (Protoceras ccler) from 

the Miocene. 

Am. Jonr. Soi.. 8d bbf., vol. XLI, pp. 81-88. 

Oivee a ehort description of thia the Qnt horned artiodactjrle 
found in the Uiooene. Is apparentlf & true ramiuant and nearly m 
lai^e as a sheep. Found in the upper part of Ute Oreodon beda of 0» 
White River basin. 

87. Thompson, A. H. Administrative Report. 

TJ. a OeoL Surr., 13th Ann. B«pt„ pp. 42-63. 

Gives on p. 49 an aoconnt of oBtronomical work at Rapid CSlj wt 
a preliminary to future topographic work. 

88. Walcott, Charles D. The Cambrian Group of 

Rocks in North America, 
n. 3. Qeol. Burv., Bull. 81. Correlation Papers, 447 ppi., 
pla. i-m. 

The author reviews on psf^ 21^316 the results of previous work- 
ers in the Blaoh Hills region and on pages S4T-S49 describes the Black 
Hills Cambrian as givenby Newton, Carpenter and others. The Blaok 
Hill region is represented on the maps which show the distributioo, 
relative thickness, eto., of the rocks in the various provincca. The 
paper bj Mr. Edwin James, also the one by Ur. H. Englamann quoted 
aa tef erring to the Black Hills of Dakota, refer instead to the lAramia 
mountains, lying within the forks of the Piatt river in Wyomins, 
tormn'ly known as the Black Hills of Wyominit. 

89. Tlie North American Continent During Cam. 

brian Time. 

tr 8. Oeol. Surv„ lath Ann. Bept, pp. e2B-S68, plsZUI-ZLT, 



90. White, Charles A. A Review of the Cretaceous 
Formations of North America. 



Hakea frequent general mention of (be OrMaoaous rooks in and 
aronnd the Black Hills region. 
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91. Williams, HenrV S. The Devonian and Carbonifer- 

ous Formations of North America. 
IT. B. Oeol. Satv., Bull. No. SO, Corralation Papers, 379 pp. 
Referv briefly Ut the'Blsott HUIb tormatioaa as mads one by M«ek 
Mill Hajden. 

1892. 

92. Claypole, E. W. The Tin Island of the Northwest. 
Am. Oeol.. toL IX, pp. 328-936. 

Discnmee the general (;eolos; ot the region with particular refer- 
ence to tbe pre-Cambrian rooks. Describes the occurrence ot casaiCerito 
and disouaaea iu probable ecoaomic importance, 

93. Dall, W. H. and HARRIS, G. D. The Neocene of 

North America, 
V. a. Geol. Surv.. Ball., Na 84, Correlation Papers, 849pp. 
Describe* the White River Hiuoene chiefly as (iven by Hayden 
and Leidy. 

94. Day, David T. Mineral Resources of the United 

States, Calendar Years 1889 and 1890. 

U. S. Oeol. Suiv., Mm. V^.,8vo.. 671 pp. 

Beferemas to Black HtUi reaouroes are given as follows: pp. 
48-X, eoM and silvu; p, 80, lead: pp, 119-I38, lin; p, 439, aandatonei 
pp. 469-466 grpsum; p. 474, mica; p, BHi. noineral waters. 

95. OSBORN, H. F. and WORTMAN, J. L. Characters of 

Protoceras (Marsh) the New Artiodactyle from the 
Lower Miocene, 
Am. Mns. Nat. Hist, Bull, vol. IV, pp. 851-371, flgs. 1-6. 
Deacribee the characters <>t (be apeci^a wi(b especial reference to 
specimena recently found in the White River beds . Diacussea the sys- 
tematic position of the genna and gives n table ahoiving in condensed 
formthe prlnoipalcharactera of the family Protoceratidae with thoee 
of the famiiiee of the Tragullna and the Pecoca. 

96. Thompson, A. H. Administrative Report. 
U.S. Oeol. Surv., 13th Ann. RepC, pp. 75-83. 

Oivee on page 79 an aocount of topographic work done in the 
vicinity of Rapid City anrt Daadwood darii^g the summerof 1891. 

97. Ulke, Titus, a New Tin Mineral in the Black Hills. 
Am, Intt. Min. Enic,, Trana.. vol. XXI, pp. 340-241. 
Deacribeea mineral from the Etta mine containing tMth copper 

and tin, to which the name cupTOCBSsiteiite is given. 
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98. Van Hise, Charles R. A Review of the Present 

State of Knowledge of the Pre-Cambrian Rocks of 
North America. 
n, S. Geol. Surv. , Bull. No. 86, Correlation Papers, ArchaeAn and 
AlKonkian. S19 pp., pla. I>XII. 

Befers to the Black Hills ou pagei 307-361, 270 and Q08. Oivm a 
short digest of the literature on the Black Hilla Algookian rocka and 
the conclusions that majr be drawn from the work done. Plate VII 
shows the position of the Algonkian rocks of the Black Hills as related 
to other North American areas. 

99. WalcOTT, Charles D. Preliminary Notes on the. 

Discovery of a Vertebrate Fauna in Silurian (Ordovi- 
cian) Strata. 
GeoL 80c. Am., Bull., vol. lU, pp. 168-I7a. 
In a footnote on page 178 the author mentiona the receipt from 
Frofeesor F, R. Carpenter of epeoimens ot Maclurea loganiand Eadoce- 
raa ocoumulatum collected in the Black Hills, thua eetablishing the 
presence of the Trenton in this region. 

1883. 

100. Clark, William B. The Mesozoic Echinodermata 
of the United States. 

U. 8. Oeol Sorv., Bull. No. B7, 207 pp., pis. I-L. 
Deeoribes and figures a few foi ma from the Black Hills previoueljr 
d b; others. 

loi. COUES, Eliot. History of the Expedition Under 
the Command of Lewis and Clark, etc.* 

Four volumes, 8vo. New York. 1893. 

Befers briefly to the topography, climate and geographr of the 
Black Uills region and locates the mountainous area as a single ridge 
extending from the South Fork of the Cheyenne to a point far heyond 
the North Fork. 

102. Day, David T. Mineral Resources of the United 
States, Calendar Year 189I. 

U. S. Geol. Surv., Mln. Bes., 8vo, 630 pp. 

Refers to Black Hilla mmeraL resources as follows: pp. 74-80, gold 
andeilver; p. 187, tnanganaee; p. 164. tin; pp. 168-169, niokeliferous 
prrrhottte; pp. 580-S83, fcypaum, 

*A Dumber of biBtoriei. reports and narratives of [hJB expedition bave 
been issued at different limes by various individuals, I have refcired only 
to this one by Professor Coues because it is the best and most recent that 
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103. Mineral Resources of the United States, Cal- 
endar year 1892. 

U. S. OeoL Surv., Mia. Rm., 8to, 850 pp. 

Refen to Black Hills mineral reaourcea as follows: pp. Sd-W and 
6(M71, guld and silver; p. 366. tin: p. T4Q, fcrindetones. 

104. FiNLEY, John P. Certain Climatic Features of the 

Two Dakotas. 
Larg« 8to, 306 pp , 168 tables, cbarta and diasraing, Washington. 
Makea freqaeot reference to the climate of the Black Hilb 
region. 

105. Gannett, Henry. The Average Elevation of the 

United States. 
IT, a Oeol. Ban.. ISth Ann. Sept., pp. 284-389. 
Refers to the height of the Black Hills region. 

106. Hatcher, J. B. The Titanotherium Beds. 
Am. Nat., UaroQ 1 1893, pp 303-331. 

Discusses tbe origin and authenticity of the name of the bads, 
their geographical distribution, lithologioal character, method of depo- 
sition of the sedimentB and the causa of the numerous vertical veins of 
ehalcedonj. Notes the finding of a small Miocene deposit near Lead 
Citv by Professor W. P. Jenney. States that during the seaaons of 
1686, '67, '88 the author spnnt fifteen rhoTitha in the White River Miocene 
beds of Soutn Dakota and Nebraska, making extensive collections, the 
study of which resulted in a xeparation of the Titanotherium beds into 
the Lower, Middle and Upper divisinas. The meet noticeable change 
In the Titanotherium skeletons is a gradual and decided increase in size 
from the lowest to Ibe highest beds. A section of the beds accompanies 
the paper, showing the relative thickness of the three beds -vith brief 
descriptions of forms of Titan otheridae characteristic of each. 

107. HeaDDEN, William P. Stannite and Some of the 
Alteration Products from the Black Hills, S. D. 

Am Jour. Sci., 8d ser., toL XLV, pp. lOS-110. 
Oivea physical characters and chemical analyses of minerals from 
the Peerless and Etta mines. 

108. Kehoelte, a New Phosphate from Galena, 

Lawrence County, S. D. 

Am. Jonr. Sci,, 8d ser., vol. SLVI. pp. 33-34. 

Descrilies an argentiferous galena carrying zinc blnnde and Iron 
I^rite from the Meriitt mine. States that goelarice also occurs in the 
mine, but not in the immediate vicinity of the Kehoeite. The physical 
oharaoterB and three ohemloal analyeee are given. Named from Mr. 
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Henry Kehoe, trho flrnc observed the occurrence of the mineral. The 
article includes s "Note on Jaroeite," found M ibe Buxton mine, Xaw- 
leuoe county. One chemical analyses of the latWr mineral is given. 

109. McBriDE, T. H. a New Cycad. 

Am. Oeol., vol. XU, pp. 248-3S0. 

Dracrihm Bennetit«a from near Minnekabla, South Dakota, 
no. Marsh, Othniel C. Description of Miocene Mam- 
malia. 

Am. Jour. 80L, 84 ser., vol, XLVl, pp. 407-4ia. pis, VU-X 

DescribPB various species of m&mmslB, among which are the fol- 
lowing from the White River boain: Elotherium, orasaam. EL clavum, 
Ammodon {Blotherium) bathrodon, aod Colodou luxatue. 

1 1 1. Osborne, Henry F. Rise of the Mammalia in North 
America. 

Am Jour. Sci.. 3d ser.. vol. XLVI, pp. 448-466. pi. XI. Contin- 
ned from p 3Q3. 

Reviews the history of previous study of the Uammalia. diBCUBsea 
the clasaificHtioQ and gives a table ehowiug the succession of the North 
American mammals. Various Tertiary type« from tbe White Biver 
Ulocene are cited. 

112. Aceratherium Tridactylum from the Lower 

Miocene of Dakota. 

Am. Mue. Nat. HUt,. Bull., vol. V, pp. tiH-m. 
Qivea a preliminary description of the fossil named. 

113. Osborne, H. F. and WorTMAN, J. L. Artionyx, a 

New Genus of Ancyiopoda. 

Am. MuB, Nat. Hist., Bull., vol. V, pp. 1>I6. 

Deecnbi e a specimnn from thd Protoceras beds of the White 
Biver Miocene. Compares the type with other forms, gives a tahleof 
the double parallelism oF the Artionychia and Periaaouychia and die> 
ouBsee the affinities of the Ancjlopoda. 

1 14. POSEPNY, F. The Genesis of Ore Deposits. 
Am. Inat, Uiu. Bug., Trans., voL XXin, pp. 197-369. 
Mentions the "h>eleromorphous deposits" of the Cambrian in the 

IfortberD Hills, Refers especially to the paper by Mr. Devereux, 

115. Stanton, Timothy W, The Colorado Formation 
and its Invertebrate Fauna. 

U. 8. Oeol Surv.. Bull, No. 100, 138 pp., ph. I-XLV. 

Befere frei;uently to the geology of the Black Hills region, quot- 
ing from previous papers. Describes and figures various foesils 
oolleoted by others in the vicinity of the Hllb. 
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116. Thompson, A. H. Administrative Report, 
n. S. Geo]. Surr., 14tta Ana. Sapt., pp. 175-183. 

Befero on p. 178 to the aurvey of the Hermoaa quadntagla 

117. WORTMAN, J. L. On the Divisions of the White 

River or Lower Miocene of Dakota. 

Am. Hus. Nat. Hist.. Bull., vol. V. pp 95-105. 

Announce the differentiation of the Protoceraa beds formerly 
considered as the upper part of the Oreodon beds. Describes the litho- 
logic character and the fauna of the Lower Miocene beds, gives a 
■tratagraphio table of the formatiom and reviews the faunal distribu- 
tion and BucoeBsion of types. 

118. WoRTMAN, J. L. and Earle, Charles. Ancestors 
of the Tapir from the Lower Miocene of Dakota. 

Am Mua. Nat. HiHt.,Bull , vol. V, pp. 159-180, figs. 1-7. 

Announces the discovery of the occurrence of Protapirus in tiie 
upper part of the White River Miocene, thua placing the origin of the 
true tapirs in this country below the Oreo-Ion beds and nearly parallel 
atratigraphicallj with the European species of Piotapirud. Discusses 
the various attempts which have been made Co solve the problem of the 
origin of the tapir in America. Q-ives a systematic description of the 
material relating to the American species of Protapirus anil Colodon ; 
also a review of the relationship between th'> American species of Pro- 
tapirus and those found in Europe, includicg a resume of the principal 
characters of the supposed Eocene aaoealors of both the Tapiridae and 
Helaletidae, 

1894. 

119. Calvin, Samuel. On the Geological Position of 

Bennetites dacotensis Macbride, with Remarks on the 
Stratigraphy of the Region in which the Species was 
Discovered, 
la. Acad. Set, Proa, vol. L pt IV. pp. 18-32i Published alw in 
Am. GeoL.Feh. 1894. pp. 79-84. 

Gives a detailed diacusaion of the geological and geographical 
position of the cycada found in the Southern Black Hills and concludes 
that Bennetitps daccitensls belongs to the Cretaceuus period an .. tbat 
the horizon which contains thecycods is probably in the uppermost layer 
of the Dakota sandstone. 

120. Day, David T. Mineral Resources of the United 
States, Calendar year 1893. 

U. S. Geol. Surv., Min. Res., 8vo., 810 pp. 
Beferences to Black Hills resources are given as follows: pp. SO- 
.61, gold and silver; p. 183, manganese; pp. 718-716, gypsum. In the 
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report on gold and silver a table ie given in which is indicated the pro 
duotion of gold and silver iu the Btaok Hills during (he yeara 1681-1691, 

121. Gannett, Henry. Results o£ Primary Triangula- 
tion. 

U. S, Geol. Suit., BiiU. No. 122, 413 pp,. pi. XVII. 

Coniains on pp. 279-260 and pi IX an account ot work done in 
the Black HiUa under the direoiion ol Mr. E. M, Douglas. Deecrij^ 
tions and pasitiona of the tollowiag stations are given; Bear Butte, 
Custer Peak, Piedmont, Costello, Mitchell, West Base, White, Astronomy 
cal Pier in Bapid Citf court houae yard, Samoiis, East Base, Dunning, 
Harney Peak, Thompson Butte, Cheyenne, Qap, Bradley, Foesil, Windy, 
State Line. 

122. Hatcher, J. B. Discovery of Diceratherium, the 
two-horned Rhinoceros, in the White River Beds of 
South Dakota. 

Am, Qiiol., vol. XUI, pp. 800-361. 

Describee Diceratherium pruavitum obtained by the Princeton 
party in 1694, from the Upper Oreodon (Protoceras) beds. 

123. Knowlton, F. H. Fossil Wood from the Black 
Hills, South Dakota. 

Jour. O^l., vol. U, pp. 260-261. [Not seen.] 

Describee the structure of the wood of genus Araucarioxylon, 

[W. isa.] 

124. Marsh, Othniel C. Eastern Division of the Mio- 
hippus Beds, with Notes on some of the Characteris- 
tic Fossils. 

Am, Jour. 8oi.,3d ser., vol. XLVUI, pp. 91-91. 
Refers to the White River Miocene aa including the Ulohippos 
beds, now generally known in South Dakota as the Protooeras beds. 

125. Miocene Artiodactyles from the Eastern Mio- 

hippus Beds. 

Am. Jour. 8ci., 3d ser,, vol. XLYIU, pp. 179-173. 
Describes and figures remains of Heptacodongibbtcepa, Elomeryz 
armatue and Octacodon vo lens from the While River Miocene 

126. Description of Tertiary Artiodactyles. 

Am. Jour. ScL, 8d per., voL XLVHI, pp. 269-374. 

Among those given the author describes Agriomeiyx migmns 
and Xieptochoerae giacilis from the White River Miocene 

127. — A New Miocene Tapir. 

Am. Jour. Soi.. 8d eer.. vol. XLVUI, p. 848. 

Despribes a pair of lower jaws found in the Hiohippui bed* ot 
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Soatb Dakota, which reprawnta an ungulate mammal, probably an 
•noeetor of ihe moderu tapir. The name suggMt«d U Tanjopa ladaus. 

128. McBribe, Thomas H. North American Cycads. 

la. Acad.gci.. Prw)., vol. I, pt. IV. pp. 82-65. 

Inoludea a short Keieral diwuaeion of cycads and an account of 
the devslnpment of our knowledge of them In the United States. Be- 
feiB particularly to the Black Hills cycads aod to the manner of leorn- 
ing of their prcaence there, 

129. OSBORN, H. F. and Wortman, J. L. Fossil Mam- 
mals of the Lower Miocene White River Beds. 
Collection of 1892. 

Am. Uua. Nat. Hiat., BnlL, vol. VI, pp. 1S9-S2S. pU. U-IH, 
flgi. 1^. 

The paper is based on collections made during the year 1893. The 
ohlet points presented are: New characters of the Lower . Miocene 
rhinoceroMs, the neteologv of Metamyuodon, the basi-occipiul charao- 
teiB of Oreodou as developed in successive horizons, the determination 
of two species of Anthracotherium, and additional charactera of the 
American Hyopotaraus. A table showing the succMsion of specie* in 
Uie White Biver Uiocene is also iciven, 

130. Peale, a. C. The Natural Mineral Waters of the 

United States. 
U. S. Geol. Surv.. Uth Ann. Bept., pp. B8-88. 
Mentions the Dakota hot springa [Hot Springe, 8. D.] 

131. PiRSSON, Louis V. Phonolitic Rocks from the Black 
Hills. 

Am. Jour. Soi.. Sd ser., vol. XLVII, pp. S41>S46. 

Refers to the information at hand concerning the phonolite of 
the Black Hills and describes two specimens given tne author by iodi- 
Tiduals who had mode little or no observation? of Held relations. One 
specimen came from near Deadwood, the other from the Devils Tower. 
Olosea with an earnest suggeation as to the value of furtheratudy of 
the region. 

132. Scott, William B. Notes on the Osteology of 
Agriochoerus Leidy (Artionyx O. F.nd W.) 

Am. Phil. Soo., Proc. vol. XXXIII. pp. 242-351. [Not seen.] 
Describes and figures fragmentary sIceletODS from tlie White 

Biver bad lands of Soutl. Dakota and discusses the sytematio position 

of the genus, (W. 135). 

133. Notes on the Osteology of Ancodus (Hyopot- 

amus. 

GeoL Mag., dec. IV, vol. I, pp. 493498. [Not seen]. 

Describes the principal chai acterlstice of Ancodus brachyrhyn- 
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obuB from materiEi) fomid in the Tertiary beds at South Dakota. 
(W. 186). 

134. Todd, James E. A PrcHininaTy Report on the 
Geology of South Dakota. 

Soulh Dakota GeoUSurr,. Ball. No. I. 173 pp. pi. I-T, flgs 1-3. 

Qives an excellent summaiy deacriptioQ of the topographic and 
geologio fpaturee of the state mcludiag a dJsouMioa of the origin, dis- 
tribution Hnd character of the igneous, metamorphic and Bedimentar; 
Tooka , An account of the economic geologj, a preliminary geologioal 
Diap and a table of the geological formations of theetateare also given. 
Maoh attention is paid to thegeolog; in tbe Black HUle region. 

135: Ward, Lester, F. The Cretaceous Rim of the Black 
Hills. 

Jour. Oeol. vol. H, pp. 200-206. 

Gives a sketch map of the southern foothills, showing localitj of 
a7cadB near Uinuekahta, also various columnar aeotions and figures. 
Refers to leaf impressions and ailioified wood found at several looaliCies. 
States that the structure ol the wood is well preserved and that it rep- 
resents apparently an undescrioed apeoiea of Aravcarioxylon. Certain 
plant forma obtained from the plant beds above Evans quarry are 
named and are stated to belong apparently to the Dakota group. ^11 
plants fouud below this horizon distinctly indicate a Lower Cretaceous 
age. The author pointsoutthe uncertainty of thedividing line between 
the Upper and the IiOwer Creaceous and discusses the bearing of the 
facts presented upon the liOwer Cretaceous of Notth America. 

136. Fossil Cycadean Trunks of North America 

with a Revision of the Genus Cycadeoidea Buckland. 

Biol. Soo. Wash., Bull., vol. IX. pp. 75-87. 

Refers to the recent discovery of cyoade in the Cretaceous rim of 
the Black Hills and of its stimulus to the study of these forms in Ame^ 
ic& Befers biefly to other oycad regions of America and mentiona 
particular localities in the Black dills. In the revision of the genui 
Buckland the author gives a biblio){raphy of the geaus to which genua 
Apparently all of our American forms belong. 

189B. 

137. Case, E. C. On the Mud and Sand Dikes of the 

White River Miocene. 

Am, Qeol, vol. XV, pp. 248-254. 

Reviews the descriptions of dikes of thia character in California, 
Nebraska and South Dakota. Concludes that the dikes of the White 
Biver bad lauds occupy pre-existing crocks, which were filled with 
intrueiins of water andauapeoded materials from below; that the cracks 
are mud cracks and cracks formed by segregation of the clays around 
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local oentera: that the veinsof Chalcedony were formed by the entraaca 
of aillcated "vatera into cracks of simiUr oriKio as thune containing the 
dikes; and Chat the thinning out of the seams from above downward 
indicates that the silicated waters Altered in from ahove. 

138. Gannett, Henry A. A Dictionary of Geographic 

Positions in the United States. 
V. S. Geol. SuTT.. Bull. No. 123, 183 pp.. pi. I. 
Qivee on p. HI the latitnie and longitude of various places in the 
Black Hills and the authority for theiMme. 

139. MiDDLETON, Jefferson. Statistics of the Clay- 

Working Industries of the United States. 
U. a Qeol. Surv,, l«lb Add. BepC, part IT, Min.Kes. pp. 
517-570. 

Gives on pp. 5SS-55&. 668-060. 072-573 analyses of flreoUy, briok- 
oUy aod terra cotta olay from Rapid City . 

140. OSBORN. H. F. and WORTMAN, J. L. Perissodac- 

tyles of the Lower Miocene White River Beds. 

Am. Mus. Nat. Hnt. Bull., toL VII, pp. 848-876 ; pls-Vin-ZI, 
fig«. M2. 

Describes and figures almost entire skeletons of ntanotiieriuia. 
roboBtiim and Hetamynodon planifrons. States that the White River- 
horses exhibit a very marked evolution in size from the lower to the 
higher beds, shows chat the true Lophiodontidae of Europe are found 
to be represented in this country by the Heptodon-Helaletee-Colodon 
line previously referred to the Helaletidae and Indicates the differences 
between the Tapir, Lophiodon, and Hyracue molar types. A (able in- 
dloaten the stratigraphioal poeition of the species described. 

141. Parker, Edward W. Gypsum. 

U. 8. Qeol. Surv,, 16th Ann. Bept.. part IT, Mm. Res., pp. 
6fl3-6a6. 

Oives on p. 661 the production of gypsum from South Dakota 
pBlack Hills] for the years 188», '00, '01, '08, '04. 

142. Pearce, Dr. Richard. Occurrence of Tellurium in 
Oxidized Form Associated with Gold, 

Col. 8oi. 80c, Proo., vol. V, pp. 144-147. 

Announces the discovery of tellurium in wbat is commonly called 
the Potsdamore of the Bhirih Hills. Quotes from a tetter written by 
Professor F. C. (imitli, wlio Furnished tlie specimens of ore. Gives* 
short description of ilio c>ro wita two analyses, one of oxidised, the other 
of unoxidized maten^il, showing amounts of gold, silver and lellurinm 
present. 
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143. R.OLKER. Charles M.^The Production of Tin in 
Various Parts of the World. 

XT S. Oeol. Surv., 16ch Aud. Rept.. part III, Hia. Bee., pp. 
4S8-S38. 

Qi irea on pag^es 580-515 a brief review of the development of the 
tin miaM in the Blacb Hills aad of tbe geology of Ihe tin-beariiig di^ 

144. Rosen, Rev. Peter. Pahasapah or the Black Hills 
of South Dakota. 

8vo, 615 pp., St. Louis, I8BS, 

Givesan accouQC of the early history of the Hills. Makes ex- 
tended referencefl to some of the early expeditions to the region and 
JDoludea a paper by Professor Fruihlin R. Carpenter on the Mineral 
Reeources. Refers to some of the writings of Father DeSmet, the 
Jeseiiit miseionarr who visited the Indians in the Black Hills region in 
the years 1847, 1848, 1851 and 1864, and who is supposed by some to 
have known of the presence of gold in the Hills several yesre before it 
was positively announced by others. Mputions Ihe early establishment 
of a trading post near where Smithville now stands. 

145. Scott, William B. The Ostcolc^y and Relations 

of Protoceras. 
Jour, of Horph., vol. XI, pp. 803-874. pie. XX-XXII. [Not seen.] 
Describes the dentition, brain, vertebral column, and limbs of 

Protoaeras, diacuaaes Its systematic position, and describes and figures 

a restoration of Protoceraa celer, (W. 146). 

146. A Restoration of Hyenodon. 

Oeol Mag , dec. IV, vol. n, pp. 411-443, pi. XHa. [Not seen]. 
Describes briefly the character of Hyenodon Gruentua, Leidy, from 
the White River beds of South Dakota, (W. 146). 

147. Thompson, A. H. Administrative Report. 
IT. S.OeoL Surv., 15th Ann. Kept., pp. 119-129. 

Oives on pagfv 133-134 an account of topographic work done in 
the Black Hills region. This includes certain triaogulation work, the 
careful measurement of a base line near Ba(,id City, and the survey of 
the Hamey Peak and the Oelrioh quadrangles. 

148. Todd, James E. Recent Geological Work in South 

Dakota. 

Am. Geol., vol. XVI, p^ 303. 

Qives a short account of field workdoneiti the Blauk Hilla regiMi 
during tho summer of 19B5. A fuller accountcf this work is given in 
the several iMpers publisbed in Bulletin No. 2 of the State Oeologioal 
Surrey, See 1898. 
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149. Walcott, Charles D. Report of the Director. 

V. 3. Qeog. Surv., 16th Ann. Kept, pp. T-ISU. 
Beteraonp. 41 toaooUeciion of fossil planta obtaiaed b^ Dr. W. 
P. Jenncy from the Lovcer Cretaceons ot the Black Hills. 

iSa Ward, Lester F. Some Analogies in the Lower 
Cretaceous of Europe and America. 
U.S. Qeol. Surv., 16th Aon. Bept., pp. 460-543, pis. XCVn- 

crviL 

Refers to the Lower Cretaceous of the Black Hills and deecribeg 
sod figures a numtwr of cyo&ds obtained from the region. Notes also 
the Atavcarian struoture of Bpecimens of fosjil wood from here. 

151. Weeks, Joseph D. Manganese. 

U.S. Geol. Surv.. Ifith Ann. Rept., part in, Hin. Res., pp. 
888-457. 

Refers on p. 433 to the piodnction of manganese in Custer 
conntf, and gives one aDalrsia. 

152. WORTMAN, J. L. On the Osteology of Agrioch- 
aerus. 

Am. Mus. Nat. Hist., Boll., vol. Vll, pp. 145-178. 

Paper based on fossils from the White River Hiocene, Presenbi 
an Account ot the osteology ot the AgriochaeruB together nith a critical 
review of the species which have been described as belonging to it 
Qivea careful compariEons of Agriochaerus with Oreodon and showe its 
Blmilantr to the Anoi'lotberldaa Considers it as an apparent member 
of the Artiodactyla. Given a table, modiEe I from Professor Cope, 
showing the analysis of the epeciea and one plate showing restoration 
of Agriochaerus latifrons. 



153. Adams, George I. The Extinct Felidae of North 
America. 

Am. Jour. Sci. 4th ser.. vol. I. pp. 410-444, pi. X-XH. 

Summarizes the literature on theextinct felidae, adds much new 
information and proposes a clasaificatiun for the family. In the White 
River Miocene the TiCanotherium beds furnished one species Dinictis 
fortis; the Oreodon bedseight, Diniutia felina; D. fortis. D. squalidena, 
Hoplophoneus occidentalis, B. oreodontis, H. robutuH, H. insulena, H. 
priniaevus ; and the Protoceras beds two— Dinictis felina and Hoplopho- 
neus insolens. 

154. Beecher, Charles E. Occurrence of Silurian Strata 
in the Big Horn Mountains, Wyoming and in the 
Black Hills. South Dakota. 
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of Dfadvrood and reiera to the fmsila mentioued by Hr. Waloottin 
footDDie of Geo). Soc. Am. Bull. vol. Ill, p. 16!J. Announces also the 
presence of Haljaites and thus suggests the possible presence of the 
Ni&gara in the Hills. 

155. Blake, William P. Gold in Granite and Plu- 
tonic Rocks. 

Am. Inst. Min. Ea;;., Trana., vol XXVI, pp. 290-398. 

Hentioni the occurreace of gold in ancient cryatalline^siss or 
graoitio schiata of pre-Cambrian age in the mines of the Uomeatake 
group of the Black Hilb, 

156. Darton, Nelson H. Notes on the Geology of the 
Black HiUsof Dakota. 

Science. New ser, toI, III. pp. 418-419. Abstract of a paper 
presented before the Geological Society of Watihington. 

Describee a detailed section made from the base of the Gambrinn 
to the White Hirer Miocene along a line paesing through Rapid Gitf . 

157. Preliminary Report on A tesian Waters of a 

Portion of the Dakotas. 

U. S. Oeol. Surv., 17th Ann. Kept., pt. II, pp. 609-694, pla. 
I*XIX-GVn, figs 50-65. 

Refers brieSy to tbe Block Hills uplift and gives a vertical section 
from the Black Hills eastirard across South Dakota, showing the alti- 
tude and relations of the water-bearing strata, 

158. Fare, Marcus S. Notes on the Osteology of White 
River Horses. 

Am. Phil Soo., Proo., Tol. XXXV, pp. 147-175. 

The genus Mesohippua mentioned aa occurring in the horizons of 
White River beds as follows: in Titanotherium beds, M. bairdi; in 
Oriiodon bods, H. bairdi, M. copei; in Protoceroa beds, M. bairdi, U. 
copei, M. inlermedius. States that tbe OreodoQ beds have furnished 
moat of the 'jest material. The three species arc described in consider- 
able detail, and various figures and a dingram are given showing the 
phylogeny of the horae series as now undoratood. A bibliography is 
given, also one plate showing a restoration of Measohippus bairdi. 

159. Gannett, Henry. Magnetic Declination in the 

United States. 
U. S. Geol. Surv., 17th Ann, Bept., vol. I, pp. 311-440. 
Gives on pp. 413-414 the declination of tbe magnetic needle In 
the various Black Hills counties. 

160 Hatcher, J. B. Recent and Fossil Tapirs. 
Am. Jour. Soi.. 4tb ser., vol. I, pp. 161-180, pts. II V, 
Describes a new species of Protapirus, P. vadidua, from the 
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Protoceras beds ol the White River Miocene (Oligoceue), SpecimeDa 
were found tour miles south of White River and five miles below the 
mouth of Porcupine creeb, about one mile from the spot where the tjpe 
of Protoceras oeler wassBCured by Ur. B. F. Wells of Sturgia, who was 
the first to distinKiiUh the Protoceras beds, and by whom they were 
shown to Dr. J. L. Wortmnn, who was the first Co name and describe 
them. The author iidds to our knowledge of the osteology of the genus 
Protapiius, especially to the skull and forelimba: gives additional 
oharacUiB diagnostic of the various speoies Piotapirua and Colodon; 
points out diBtiDotive osteological and dental characters in the skulls of 
the five generally accepted species of recent tapirs; and reviews 
previous work of others on the phyllogeny of the Tapindaeand Helale- 
tidae. The specimpos from the White River beds are: ProtapiroB 
validos, P. aiinplox,Golodon(IjOphir>don)ocoidentalisandC. dakotensis, 

161. Marsh, Othniel C. The Dinosaurs of North America. 
n. S. Oeol. Surv., ISth Ann. Bept.. pp. 143--114, pla II-LXXXY, 

flga. 1-ee. 

Describes the caudal vertebrae of Barosaurus lentus found near 
Piedmont, and shows the side, fiont and bottom views of one of tbo 
vertebrae. States that this is the most nortiiern lioiit now known of 
the Atlantosaurua beds. 

162. OSBORN. Henry F. The Cranial Evolution of Titano- 

therium. 

Am. Mus. Nat. Hist.. Bull., vol. VIII. pp. 157-187, pis. III-IV, 
figs. 1-13. diag. I-II. 

Studies the evolution o( the cranium with the view of islin* 
guishing the influences of sex, of age or growth and of individual 
variation from the truly retrogressive and progreaaive characters. 
Reviews the study of the Titanotheridae by otheis. much of which has 
to do with White Biver specimens, gives the piinciples of cranial and 
dental evolution, revises and defines the species and indicai«s tbeir 
vertical distribution. Concludes thit the obarac tars upon which the 
genera flymtxirodon, Diconodon, Brootops, Titanops, Allope, Haplaco- 
don, and Diplocomus are founded are either marks of sex, age, or 
individual variability and that these names should not be used, 

163. Parker, Edward W. Coal. 

n. S. Qeol. 8urv., ITth Ann, Bept., part in. Mm, Res , pp. 
885-543. 

Stateson page filS that SouthDakota appears for the first time in 
189S as a coal producer, ZW cons of lignite being mined near Edge- 
mont. 

164. Russell, Israel C. Igneous Intrusions in the Neigh- 

hood of the Black Hills of Dakota. 
Jour, a.'ol., vol. IT, pp. 33-43. 

Contrasts these intrusions with those of the Henry moontaiiu 
deaoribed by Mr. Gilbert, and those of Nct Mexico desoritted by Col . 
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Dutton. Oivea three plates of two figures t-ach and describes tbnfollow- 
tog: Uttle SundaiiM dome, Suitdaace bill, Mate TepeeorDsvile Tower, 
tbsLiUle Miaaouri Butt«3, Inyan Ki>ra, Bear Bnile, Crow Peak, Ten; 
and Custer Peaks and Warren Peak. States tbat all have a common 
histor;. Refers to tbem w plutonio plugfi and indicates that eaob 
owes its existence to the injection from beneath of a column of molten 
roch in ur stratified beds and the aubsequent removal of the enclosing 
Bedimentnrj strata so as to expose, with one exceptioo the inner core ot 
plutonio rock. Notes the abienoe of dikes and faults in immNliate 
connection with plutonic plugs. Points out ihe similarity between 
the donees of sedimentarj bads raised above the plugft and the far 
greater dome from which the Black Hills bave been sculptured. 

i6S- On the Nature of Igneous Intrusions. 

Jour. Oeol., vol. IV, pp. 177-1B4. 

Describes the several forms of igneous intrusions and diaooiMB 
tfaeir origin. Cites the Black Hills region for various ezamplea. 

i66. Smith, Frank C. The Occurrence and Behavior of 

Tenurium in Gold Ores. More Particularly with 

Reference to the Potsdam Ores of the Black Hills, 

South Dakota. 

Am. Inst. Min. Eng, Trans., vol. ZXV, pp. 489-516, Oga. I-H. 

Discussiou in dame volume, pp. 1103-1108, 

States that the discovery of tellurium in the Potsdam ores of the 

Black Hills was first made in speoimens from the Welcome mine, 

Eleven pbotomiCTOgrapbs of ores are given. Much of Che paper is 

taken up with discussions of metallurgical processes. 

167. Van Hise, Charles R. Principles of North Amen- 

can Pre-Cambrian Geology. 

U. B, Oeol. Surv. , 16th Ann. Rept., pp.S81-848, pie. CVm-CXVI, 
figs. 101-162. 

Discusses tbe nature of dikes and veins in the granite district of 
the Black Hills. States that the Black Hilts afford one of the best 
instances known of the metamorphic effect of great intrusive masses of 
g^rauite and that tbe production of peripheral cleavage parallel to an 
Intrusive magma, and therefore normal to tbe pressure, ie as fiuelT 
illustrated here as anywhere in America, 

168. WiELAND, George R. Archelon ischyros; A New 
Gigantic Cryptodire Testudlnatefrom the Fort Pierre 
Cretaceous of South Dakota. 

Am. Jour. Sci.,4thBer., vol. II, pp. SWA12, pi. YI. 

Qivesdeaoripiionand relationship of a specimen that wasfonnd 
in tbe uppermost Fort Pierre, southeast of the Black Hills, near ths 
South Fork of tbe Cheyenne. 
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1897. 

169. Becker, George F. Tiie Witwatersrand Banket, 

With Notes on Other Gold-Bearing Pudding Stones. 

C. a Oeol.Sur7.lSth Ann. Bept, pa't T. Min. Res., pp. 163-184^ 

Kefen ttrj'eQy on p. 130 to the Black Hills gold-bear iuj^ songlom- 

erate and note) its- similarity to the Witwatenrand banket; 

17a Dahl. William H. A Table of the North American 

Tertiary Horizons, Correlated with One Another and 

With Those oE Western Europe, With Annotations. 

U. a. Geol. 3iirv., 18th Ann. Kept., pt. II, pp. 837-343. 

The poditioas of the various White River beds are given, with 

notes on thesume. 

171. Day, David T. Mineral Resources of the United 
States, iSg6. 

tJ. S. Geol. Surv., 18th Aan, Rept., partV. Min. Rss. 

Refers on pp. 1351-1333 to the occurrence and production of 
fnllera earth in ihe Black Hills. Ttvo analyses and two cotumnar seo- 
tums are given, 

172. Emmons, Samuel F. The Geology of Governmenl: 
ment Explorations. (Presidential Address Delivered 
Dec. 16, 1896). 

Oeol. Sac. Wash., 6vo, pp. 8-89. 

Science, n, a., vol. V, pp. 1-lS, 43-Sl, 

Mentions same ot tbe more important expeditions to the Black 
HiUs region and inoliidej in tbe accompanying bibliography a list ot 
Qie lesnlting publications. 

173. Frazer, PerSTFOR. Notes on the Northern Black 

Hills of South Dakota. 

Am.Inat. Min. Eag., Trans., vol. XXVII, pp. 204-331, pis. I-HI. 

Di9CufSes the general economic geology of the Northern Black 
Hills, with especial refereuce to th^ Galena District. A short list of 
papers on the economic and structural geology of the region is given. 

174. Hatcher. J. B. Diceratherium Proavitum. 
Am. Ouol., vol. XX, pp. 313-316. 

Corrects some typ.igraphical errors in the article referring to 
this fossil in the Am. OeoL. vol. XIII, pp. 300361, 18D4, and gives 
teaeoDB for placing the form in the genus Dicerath«rium rathw than 
aoeratherium. 
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175. Marsh, Othniel C Principal Characters of the 

Protoceridae, Part I. 
Am. Jour. Sci., 4th eer,, vo). IV, pp. 16vn0. pis. II*?!!, figs, 1*7. 
Desoribea and flgurea male and female akulla of Protoceras, alao 
describes and figures the skull and dentition of Calops. 

176. Ortman, Arnold E. New Species of the Palinurid 

Genus Linuparus found in the Upper Cretaceous of 
Dakota. 
Am. Joar. Set., 4th ser., vol. IV. pp. 290>297, 

Describee and figures two specimens collected by Mr. Wells from 
the Niobrara group at the head of Cottonwood creek, Meade county. 
These represent the first remains of this group of Decapoda found on 
the American continent and surpasses in nonipletenes} of preservatkm 
•njthing that is knowa of thisgroup in the European depOsitB. 

177. RiES, Heinricii, The Fullers Earth of South Da- 
kota. 

Am. Inst, Min, Eag.. Trans,, vol. ZXVII, pp. &33-335. 

Describes the fullers earth from near Fairburn, Argyle, Minn»- 
babta and other localities and discusses itsprohableeconomioTalue. 
Six analyses are given. 

178. Scott, Samuel. Map of the Black Hills of South 

Dakota and Wyoming with Full Descriptions of 
Mineral Resources, etc. 
Sm. 8vo, 40 pp., map, 1897, Custer City, S. D. 
Qivea brief descriptions of the formations, rocks and minerals of 
the Black Hills an.l notes Che place ol ocourrence of many of the min- 
erals. A colored map^ scale of five miles to the inch, shows the arcal 
distribution of the foziodtions. 

179. Smith, Frank C The Potsdam Gold Ores of the 

Black Hills of South Dakota. 
Am. Inst. Min. Eng., Trans., vol. XXVII, pp. 404-438, map. 
Discusses the general and economic geology of thg Nortbam 
Connected district, wilh abort reference to tho Qalena district. 

180. Stanton, Timothy W. A Comparative Study of 
the Lower Cretaceous Formations and Faunas of the 
United States. 

Jour. Oeol.. voL V, pp.57S-634. 

Refers in a general way to the Black Elllsregion and particolarij 
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to the Black Hills Atliuitoeaurue beds, Olvea a bibliography, a 
number of the papen ot which refer to the Bhck Hilla region. 

l8i. Day, William C. Stone. 

U. S. OboI. Snrv., lOtta Ann. Bept., part VI, coatinued. Hin. 
Sm., pph 20S-30B. 

QiveB on p. 378 the orushing Btrangtta ot sis kinds of aandstone 
quarried at Rapid Ciij, 



182. DiLLER, Joseph S. The Educational Series of Rock 

Specimens, Collected and Distributed by the United 
States Geological Survey. 
V. a. aeoL Surv., BulU No. 150, 400 pp. 

The following Black Hills Elooks are described: PhonoUte. de- 
ecribed bj Ur. Whitman Ctoas, and Uiaa>.Schi8t (Tonrmaline-Biolite- 
Schist), deacribed by Mr. W. a Bayley. 

183. FarRINGTON, O. C, [Report to the Director]. 

Field Columb. Hus., Ann. Bept. of the Director, Report Series, 
vol. I, No. i. pp. 363-348. 

Oivee on pages 377-'i78 a brief account of the work of the par^ 
sent by the museum in 1898 under the auUior's direction Ui tbe White 
Qiver bad lands, where seven weeks were spent in making collections 
of fossils. 

184. Marsh, Othniel C. Cycad Horizons in the Rocky 

Mountain Region. 
Am. Jonr. Soi., vol VI, p. 197. 

Gives a short review of our knowledge of the oyood horizons of 
the West, with particular reference to the Black Hills localities. 

185. Jurassic Formation on the Atlantic Coast — 

Supplement. 

Am, Jour. 8ci., 4tb eer., eol. VI, pp. lOU-UB, 
Under the head of "Gyoad Horizons" the author makee brief 
moltion of the numerous and well-preserved Dyoads of the Black Hills. 

186. OSBORME. Henry F. The Extinct Rhinoceroses. 
Am. Mus. Nat. Hist., Mem^ vol. I, pt III. pp. 75-104, pis, SUbp 

XX, 49 figs. 

Part of a memoir which endeavors to eetablishasotud philosophy 
oal basis for the morphology of the rbinocerosee, derived from their 
[Kimltive, parallel and divergent chatactera, and leading toward the 
discovery of their origin, phytogeny and distribution. Tliis part of the 
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used mostl; on a st<:dT of the akull and teeth. Makm fre- 
quent ceference to epecimena from tba White River ban^D. some of 
wliiob are figured. 

187. Todd, James E. First Biennial Report of the 
State Geologist. 

South Dakota GeoU Surv. , Bull. No. 3, pp. 1-13. Dated October 
29, 18D4. 

ContalQB information in r^^rd to the author's field work in the 
Black Hills region during ''.he year 1804. 

188. — — ^— Second Biennial Report of the State Geologist. 
South Dakota Geol. Surv.. Bull. No. 3, pp. 15-24. Dated Octo- 
ber 81, 1898. 

Contains information in regard to the author's field work in the 
Black Hills region durini; the year 1895. 

189. Section Along Rapid Creek from Rapid City 

Westward. 

South Dakota Geol. Surv.. Bull. No. 2. pp. 27-40, pis. II IV. 

Qives the purpose and history of the work and the reasons for 
choice of location. Ddboribes the geoioglcal formation alung the 
section, indicates three or four terraces and gives economic notes on 
certain resources. Notes the iinding of fossils in the Purple limestone 
anii describes tbe complex folding in the Algonkian slates. 

190. A Reconnaissance Into Northwestern South 

Dakota. 

South Dakota Oeol. Surv., Bull. No. 2, pp. 43-63. pis, V-X. 

Describee tbe topography, altitude, drtttnage, and geolofcic features 
of the area and gives a number of columnar sections. Notes the 
presence of White River aud Loup Fork Miocene beds overlying the 
Laramie in Uarding, Butte and Ewing counties, an area of considerable 
disturbance in Ha ding councy and li/nite iieds of importance in Ewing, 
HardlD and Uartin counties. EcononUo notes qd tbe various resouroaa 
a» given . 

igi. The Geology Along the Burlington and Mis- 
souri Railway. 

South Dakota Geo!. Surv.. Bull. No. 3. pp. S9-»2. 

Describes the geological features at the Hills dloag the railway, 
beginning with Ardmore, near tne southern limit of the state and con 
tlnuing northward to Dead wood and to Spearfish. 

192. Elevations In and About the Black Hills. .^ 

South Dakota Oeol. Surv., Bull. No. 2, pp. 83-87. 

aivee heights of 184 localities in the Black Hills region, tbe 
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ftQtfaorities for which are tfan Oelrich, Hermooa, Rapid, Deadwood atid 
Ciuter topographic sheets published by the United States Oeological 
Survey and the railroad profiles of the Burlington and Miosonri Vailcr 

193. Additional Notes on the Limits of the Main 

Artesian Basin. 

Soutti Dakota Qeol. Sarv., Bull. No. 2, pp. BSllS. 

Reference ia made to th« relation of the Black HilJa region to the 
main artesian basin. 

i^, The Exploration of the White River Bad 

Lands in 1896. 

SoutL Dakota aeol.,SurT.. Dull. No. 2, pp. 117-139,pk. XII-XV. 

Briefly describee the topography and designates live base levels 
of erosion. Gives notes on the various formations, discusaea the life of 
the Uioccne and the geological history of the Tertiary and poet-Terciary 
age. Refers to the valcanio ash stratum found in Cedar and Sheep 
mountaina and treata of thn economic resources of the region. 

195. Walcott, Charles D. Report of the Director. 
IT, 8, Qeol. Surv,, 19th Ann. Rept., pt. I, 422 pp. 

Girea on p. S6 a sliorC account of Held tvork by th>4 Director in 
tbe Black Hills in Augusi. 1397. Rufurd on p. 94 to triungulation work 
in the Black Hllld forest reserve, including the location of a meridian 
line at Deailn'ood. The elevations and exact locations of all l>ench 
marks determined on the Deadwood. Hermosa, Rapid and Harney 
Peak quadrangles are eiven on pages 281-814. 

196. Ward, Lester, F. Descriptions of the Species of 
Cycadeoidea, or Fossil Cycadean Trunks, thus far 
Determined from the Lower Cretaceous Rim of the 
Black Hills. 

Gives a description of twenty-one species, twenty of wbti>h are 
new to sciunce The paper is the result of a careful ^tudy of a collno- 
tion of one hundred and Qfty-five Black Hills specimens belonging to 
the following named institutions: twenty-five to the United States 
National Museum, two to the State School of Uinea, two to the Womans 
College of Baltimore and one hnndred and t "enty-siz u> Yale 
University. 

197. WiELAHD, George R. The Protostegan Plastron. 
Am. Jour. Bci.. 4th ser., vol. V, pp. ig-20, pi. IL 

Describes and figures two specimens from the uppermost Fort 
Pierre Cretaceous near the Cheyenne river. The type name Arcbeloa 
Ischyroe is abandoned and Protostega iechyra used instead. 
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198. Case, E, C. The Development and Geological Rela- 
tions of the Vertebrates. V. Mammalia, Continued. 
Jour. Geol. vol. VII, pp. 163-187, 
Refers tr«r;ueiitlj 10 fossils from the VPhite Biver bad lands. 

igg. Darton. Nelson H. Bad Lands of South Dakota. 

Nat. GeoK. Mag., vtl. X. pp. 339-343. 4 plates, 

Qives a short description of tbe White Riverbed land' and directs 
how the region may be most convenieatlj reached . 

200, Jurassic Formations of the Black Hills of 

South Dakota;. 

Oeol. Soc. Am , Bull., vol, 10, pp. 383-393, pis. 42 44. 

The author reviews previous iaveatigaiions of the Jurassic rocks 
of the Black Hillfl, indicates the uncertainty of the Jurassic-Cretaceous 
contact, gives a table showing the rlaasification, composition and nom- 
enclature of the JurasHio and adjoining formationa, also several 
columnar sections and a list of fossils thus far reported and outlines the 
hiBtory of the Black Hills Jurassic deposiis. 

201. Day, David T. Gold and Silver. 

U. 8. Geol. 8urv,. 20th Ann. Rept . vol. 6, Min. Res., pp. 108-111. 
Gives the production of gold and silver in the Black Hills for 
1896, 1697. 18B3 

202. Eastman, C. R. Jurassic Fishes from Black Hills of 
South Dakota. 

Oeol 800 Am.. Bull., vol. 10. pp. 397-408. pis. 46-48. 

Describes and figures specimens of Pholidophorufl americanus' 
Amicpsid! dartoni and aa uLdetermined ganoid, all of which were 00) - 
lected in 1893 by Mr N. H. Darton from the basal Jurassic near Hot 
BpriDfts. 

203. Farrington, Oliver C. A Fossil Egg from South 
Dakota, 

Field Columb. Mus.. geol, ser., vol. I, pp. 193-200, pl^. XX-XXI. 
Describes a supposed petritied egg of an anitine bird of esrlf 
Miocene age, found by Mr Kelly Robinson, of Dakota Citj. 

204, Gannett, Henry. The Forests of the United States 
U. S. Geol. Surv.. 19th Ann. Hept.. pt . V. pp. 1-66. pis V-XIII. 
Oive^ staiistiM of the Black Hills lumber supply and on pp. 49-08 

briefly describes the Black Hills sererve, 

205, Graves, Henry S. Black Hills Forest Reserve, 

U. S. Oeol. Surv., 19th Ann. Repl.. pp. 67-164. pis. XIX- 
XXXVI, map. 

Gives the timiti of the reserve and descrlttea the topograpby 
of the region, Indioatas the lands suitAble for agricultural, g^anng 
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ftnd mining purposes, anJ the character, (tistrlhution. condition and 
yield of tbe (oraat: covered area*. Qives sources of injury to the forMts, 
discQwea the reproduction, growth and yieii of the ycilow pine, 
Buggftit^ methO'l of manafcement and gives a detailed itpscription of tbe 
forest as developed along the various streams of the Hills. A map 
accompanyiDg tiie paper shows the land cIassiKc:&ttoa and Jensity of 
■Candin^ timber in the Rapid. Daadwood. Sundance, Hermoea and 
Harney Peak quadianglea. 

206. Holmes, J. A. Mica Deposits in the United States. 

V, 6. Oeol.Smv.,20thAna.Rept., vol. 6, con tinned, Hin. Bes., 
pp. 691-707. 

Uakes frequent reference tii tbe mica of tbe Black Hills, givfuKft 
brief account of its mode of occurrence, natureof thedeposite,qnantity, 
distribution, quality and value of the mica, structure, origin, and 
minerals of the mica dikes and methods of proipeotlng and mining' 
Gives tbe present condition of the mioa industry in tbo Hilla and 
indicates its probable future development. 

.-ff— 207. Irving, John D. A Contribution to the Geology of 

' ' the Northern Black Hills. 

Contributions from the Qeological Department of Columbia 
University, vol. IX, No. 65. {Annals N. Y. Acad. Soi., vol. XII, No, 
9. pp. 187-810, pis V-XVI, tlKB. 8-20 

Givej a detailed account of the geology of a portion of Lawrence 
county, the area uhiefty concerned being alMut eigbt miles square and 
situated in (he northwestern pari of tbe Deailwood quadrangle. The 
paper iuciu lea k discussion of the topography, 8trati)[raphy, eruptive 
rocbj and ore bodies of the region Tbe erupti /6 rocka are described 
as: Intrusions in the Al^onkian, intrusions in the CambroSiluriaD. and 
intrusions iu the Carboniferous. Of these the fi.rst shows only dikes, 
they being of two distinct varietioa; pre-Cambrian dikes of amphibo- 
Utc> and hornblendio schist and dikea of phaoolite, quartz-porphyry, 
ate , of early Tertiary time . Tlie second shows laccolites, sheets and 
dikes. The third includes thick, irregular mjjses, not properly classed 
asd'.kes. shents, or laocolitos, but apparently belonging to none or to all 
three of these types. The views of previous writers on the eruptive 
rock) of the Qills are given with reference Co the causes inSnencing the 
formation of the various kinds of incrusioas. The author considers 
that the influences of the rocks Into which tbe magtnas are intruded are 
the moat important, and in the Northern Black Hills this has been tlie 
case almost without exception. A detailed description of th^ petro- 
graphy and areal distribution of the eruptive rocks is given, tba 
following rocks being determined: Quarlz-aeiflrite-porphyry, mio^ 
diorite- porphyry, dacite, tonalito and augite-vogesite of the post 
Or«taoeouB age and varioos amphlboiites of pie-Gambrian age. The 
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antb<» alao describes the ores of the area, atCention beinji; given chiefly 
to ttaeailiceoua orea of ttieCtmbro-SilarUn and the Gdrboniferoua tor* 
matioas and discus-iea the probable method of tlieir formation. A map 
showing the ateal diatributiun of the formations accompanies the 
paper. 

208. Marsh,. Othniel C. Footprints of Jurassic Dino. 
saurs. 

Am Jour. Sci.. 4tb ser.. No. 39, pp. 337-233, pi. V, 
Desoribfs and Gj{ures the first foatprinca found in Jurassic strata 
in this coutitrj. They are all tridactyl and were found by Mr. Weils 
in 1803 in the AtlantoaauruH beds on the southwestern border of the 
Black Hilla. The auChar alao discusses the various poet-Paleozoio 
Strata of tbe Hills region and gives a. table including the cliaractcristtO 
fossils of the various horizons, 

209. Matthew, W, D. Is the White River Tertiary an 

Aeolian Formation? 
Am. Nat. toI. XXXIII. pp. 403-408. 

States objections tJ) t eLaciidtrina hypothesis with especial ref- 
erence to the etratii^raphy and the fauna. Advances the theory that 
tbe deposits are chiefly aeolian, similar in origin to the prairie l0CS9 
but that the sandaCones are perhaps mostly fluviatile. 

210. O'Harra, CleopiiasC. and Forsyth, A. Notes on - 
the Geology and Mineral Deposits of a Portion of 
the Southern Ulack Hills. 

South Dakota School of Mines, Bull., 41 pp., 11 figs. 

Discusses the general geology, mineralogy and mining interests 
of an area southeast of Hatney Peak, near the eastern limit of the 
granite district. 

211. Parker, Edward W. Gypsum. 

TJ. S. Geol. Surv., 30th Ann. Rept., vol. 6, condaaed, Min. 
Bes ., pp. 657-000 

Gives statistics uf the gypsum of the United States and otiiw 
parts of tiie world and on page 601 gives the total production and valuo 
of gypsum in South Dalcoti [Black Hills] during the past ten years. 

213. Tallent, Aknie D. The Black Hills; or the Last 
Hunting Ground of the Dakotahs. 
8vo XXII and 7]3 pp., St. Louis, 1399. 

An interesting popular history of the BUck Hills since 1874. 
Written by the first woman to enter the Black Hills for tbe purpose oC 
settlement. .Contains many general references to the geology anj 
geograpy of the region. 
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213. Ward, Lester F. The Cretaceous Formation of 

the Klack Hills as Indicated by the Fossil Plants, 

with the Collaboration of Walter P. Jenn:y, William 

M. Fontaine and F. H. Knowlton. 

V.S. Qeol. Surv.. ISth Add. Bapt.. pt. II. pp. 031-046, pte. 

87-172. 

Aa exbauative report on tbeCreUceoua rim of theBlach Hills, par- 
ticularly Ihe Lower Cretaceous, oa interpreted by tbe plaata di^overed, 
the must important or whicb are cjoacls. Gives a historical review of 
onrknowledgeot theCreCaceouaoF the Blaok Hilla, indicate the Lower 
CretaoeoQB age of a considerable aeries ot strata below the Dakota sand- 
stone, describee the Cretaceous flora, particular attention being given 
to tbecycads, and givesin detail the geology oC the lUinueliahta, the Black 
Hawk and the Hay Creek regions. Numerous sections are given, in- 
otadi])g a gi'oeral section of the Hay Creek ooal Sold anil a general 
aectiou of the strata occurring in tho Black Hills, the latter section 
showing the position, age, divisions, origin and mode of occurrence and 
the lithologic and water- bean n2 charaoter of the various strata. 
FrofcMor Jenney contributee tlie field observations in the Hay Creek 
ooal Held, and Profeasor Fontaine the notes on the Lower CrttCaceoua 
ipjants from tjbe same field. Dr. Knowlton describes the fossil wood. 
A table gives the foreign, the American and the Black Hills distribution 
of eigbty-six species of cretaceous plants, most of wbioh are figured. 

314. WiELAND. George R. A Study of Some American 
Fossil Cycads, Part I, the Male Flower of 
Cycadeqidea. 
41a Jour. Sci., 4th eet., March, pp. S19-S26, pis. II-IV. 
peiqcr^q the male flower of Cycadeoldea ingena from the Black 
Hills and gives reference to the Black Hills literature. 

215, A Study of Some American Fossil Cycads, 

Part II, The Leaf Structure of Cycadeoidea. 
Am. Jour. Sci. . 4th ser.. No. 40, pp. 805-80S. pi. VII . 
Piscnseion based largely on specimens from the fiiack Hilla. 

216. A Study of Some American Fossil Cycads, 

Part III. The Female Fructification of Cycadeoidea. 
Am. Jour. Sci,, 4th ser.. No 41, pp. 833-891, pla. Vlll-X 
Compates American and Eurdpeaa Cycads and desoi ibea particu 
larly the fructification of certain Black Hills cycads. 

217. Cycadean Monoecism. 

Am. Jour Sci.. 4th ser. No, 44, p. 1«4. 

ixamplee of monoecism as sho'vo in apecimena 
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LETTER OF TRANSMITTAL- 

SouTH Dakota School of Mines, I 
Rapid City, January ^ 1902. f. 
Sir: — I have the honor to transmit herewith a paper by Dr. 
Cleophas C O'Harra, entitled "The Mineral Wealth of the 
Black Hills." The paper contains much of economic and educa^ 
tional importance, and should prove of substantial value to all 
who may be interested in the Black Hills region. 

I submit the paper with the recommendation that it be pub- 
lished as Bulletin No. 6 of the South Dakota School of Mines. 
Very respectfullv, 

Robert L. Slagle, President. 
Hon. Frederick A. Spafford, 

President Regents of EducatioH. 
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This paper describes briefly the economic mineral deposits 
of the Black Hills of South Dakota, and includes also a general 
summary of the history, conditions, and apparent possibilities of 
their development* 

The funds and time available in the preparation of the paper 
have given opportunity for little original investigation. Many 
mines were not visited and none could be examined thoroughly, 
hence no effort is made to enter into their detailed description. 
I have, however, visited representative properties in practically 
every mining district within the Hills, and thus have personally 
acquainted myself in the field with tlie general nature ol the de- 
posits. The field work was chiefly done during a portion of the 
past summer, under the direction of the South Dakota Geological 
Survey I have used also such inlormation as it has been possible 
to collect in connection with my regular duties at the South Da- 
kota School of Mines, All of this has been supplemented by 
careful consultation of the geological literature of the region. 

I have in special cases referred by footnote, or otherwise, to 
authors whose ideas I have used or whose words I have quoted. 
The discriminating reader will doubtless note other places where 
the treatment is much the same as given by earlier writers. I 
have not considered it necessary in such cases to make specific 
acknowledgement. Those wishing to consult the earlier papers 
willfinda fairly complete list of the literature, up to and including 
the year 1899, in Bulletin No. 4 of the South Dakota School of 
Mines. 

One feature of the work has given me much satisfaction, and 
for this I wish to express my appreciation. It is the uniform 
courtesy extended me by mine owners when visiting their prop- 
erties. These visits to the mines, as well as the examination of 
maps of undergrpund workings, have brought to me many facts 
which cannot be given here, but whose influence will be felt, 
nevertheless, in that their observation has aided greatly in eluci- 
dating the description of the various deposits. 



'Structural materials and water resources are not discussed in this 
paper, they beii^ reviewed elsewhere by Professor J. E. Todd, State Geolo- 
gist. 
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The MineralWealth of the Black Hills 



INTRODUCTORY. 

The first quarter century of active mining operations in the 
Black Hills has little more than closed. Considerable prospect- 
ing was done within the region in 1875, but operations of a per- 
manent character did not begin until the opening of the follow- 
ing year. From an isolated and practically unknown mountain- 
ous, forest-clad island in the midst of a vast, treeless plain, and 
within the confines of a great Indian reservation, the Black Hills 
region has, during its brief history, become one of the most, im- 
portant precious metal producers of the United States. Rail- 
ways have brought the region to the threshold of older commu- 
nities, beautiful scenery peculiar to the country annually attracts 
its thousands, permanent homes, prosperous towns and produc- 
tive ranches prevail, and mining facilities are in many ways un- 
surpassed. Gold found throughout the region, but obtained 
mainly from the northern Hills, is pre-eminently the chief min- 
eral product, a total of one hundred million dollars having been 
obtained during the past twenty-six years. Silver has been of 
importance in the annual output, while other ores and minerals 
already productive, or capable of production, add much to the 
variety of the mining interests and not a little to the mineral 
wealth of the region, 

GENERAL GEOLOGY. 

The Black Hills region is one of Ipeculiar geologic interest. 
Separated from the Rocky Mountains to the west and southwest 
by a distance of less than one hundred fifty miles, it possesses 
many of the features of that great uphft. By reason of its 
isolated position, the simple structural features of the region, and 
the many excellent rock exposures, its historj' may be interpreted 
with a considerable degree of ease. 
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The Hills are situated within the forks of the Cheyenne 
river, on the boundary line between South Dakota and Wyom- 
ing, a much larger portion being within thebordersof South Da- 
kota. Structurally the region is an elliptical quaquaversal uplift, 
the more distinct features of which cover an area about one hun- 
dred miles lor g and fifty miles wide, the longer axis approxi- 
mately coinciding with the meridian, except in the northern por- 
tion, where the general direction is to the northwest. 

The prominent topographic features are a high central basin 
of granite and metamorphic rocks of Algonkian age, surrounded 
in a concentric manner by a prominent infacing escarpment of 
massive white Carboniferous limestone, a wide depression in the 
red Triassic shales, and a high rim of Cretaceous hogback ridges 
or foothills. In the northern Hills po=;t-Cretaceou,s intrusive 
rocks have greativ modified the general topography, and iii not a 
few instances have formed prominent landmarks. Harney Peak, 
the culminating point of the Harney granite range, in the south- 
ern Hills, and the highest point within the uplift, reaches an alti- 
tude of 7.216 feet. The surrounding Umestone escarpment rises 
high above much of the central portion and considerable areas 
of the plateau along the western side closely approach the height 
of Harney Peak. The mean altitude of the plains surrounding 
the Hills is little more than 3,000 feet. The average elevation 
within the hogback ridges is approximately 5,000 feet. 

The rocks of the Black Hills show a wide range in age and 
character. Within the crystalline nucleus are pre-Cambrian 
granites, amphibolites, schists, slates, phyllites and quartzites. 
Beyond this nucleus are limestones, sandstones, shales and con- 
glomerates, representing a nearly complete sequence from Cam- 
brian to Laramie. Extensive overlaps of Tertiary deposits are 
also present. Silurian and Devonian locksseem to bepresent in 
only a few localities, and are nowhere of importance. In the 
northern Hills there are porphyries, phonoUtes, dacites, tonal- 
ites and vogesites. The various sedimentary rocks have recently 
received careful study under the direction of the United States 
Geological Survey. The following section, by Mr. N. H. Dar- 
ton, shows their age and general character:* 

'Preliminary Description of the Geology and Water Resources of the 
Southern Half of the Black Hills and Adjoining Regions in South Dakota 
and Wyoming, U S. Geol. Survey, Twenty-first Ann. Rept., Part IV, Hydro- 
graphy, 1901, p. 503. 
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Generalized Section in the Slack Hills Region, 



Formation. 


Character. 


Average 

thickness. 


Age. 


Laramie 


Massive sandstone and 
shale. 


Feet. 

2,50° 


Cretaceous. 






Fox Hills 


Sandstone and shale 


350-500 


Do. 


Pierre sha.le -.--.-.-.- 


Dark gray shale 




Do. 


Niobrara 


Chalk and calcareous 
shale. 


225 


Do. 






Benton group: 
Carlile formation . . . 


Gray shales with thm 
sandstones, limestones 
and concretionary lay- 


500-750 


Do. 


Greenhorn limestone 


Impure slabby limestone. 


50 


Do. 


Graneros shale 


Dark shale with lenses 
of massive sandstone 
in its lower part at 


900 


Do. 


Dakota sandstone 


Massive bulf sandstone. . 


35-150 


Do. 


Fuson 


Very fine-grained sand- 
stone and massive 
shales. White to pur 
pie color. 


30-100 


Do. 








Id inne waste limestone 


Gray limestone. ..-,».->- 




Do. 




Massive buff sandstone, 
with some intercalated 
shale. 


200-350 


Do 






Beulah shale 


Pale grayish-green shale. 

Massive sandstone; white 
purple, red, buff. 


o-i«) 


lurass 


Unkpapa sandstone , . 


0-250 


Do. 


Sundance 


Dark drab shales and 
buff sandstone; mas- 
sive red sandstone at 
base. 


60-400 


Do. 






Spcarfisti- ............ 


Red sandy shales with 
gypsum bed. 


350-500 


Triassic 






Minnekahta limestone 


Thin-bedded gray linie- 
■ stone. 


30-50 


Permain. 


O rhe 


Red slabby sandstone 
and sandy shale. 


90-130 


Permian? 
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THE MINERAL WEALTH OF THE BLACK HILLS. 
Generalised Section in the Black Hills District. — Cootinued. 



Formation 


Character. 


thickness. 


Age. 


Minnelusa 


Sandstooes, mainly buff 
and red; in greater 
part calcareous. Some 
thin 1 i mestone in- 
cluded. 


Feet 

400-450 














Pftbasapa limestone. . . 


Massive, Rray limestone. 


250-500 


Do. 


Englewood HmestoDC. . 


Pink slabby limestone. 


., 


Do. 


Deadwood 


Ked brown quartzKe 
and sandstone, locally 
congiomeratic, partly 


4-150 


Cambrian. 



In addition to the above named formations and to the pre- 
Cambrian and Tertiary rocks already mentioned, Pleistocene de- 
posits of various kinds occur widely distributed over the surface 
of the region. Some of these, as well as certain of the older 
formations, on account of their economic interest, will be de- 
scribed more fully in subsequent pages. 

The Black Hills region is drained by the Cheyenne river 
and its tributaries. Two main branches, the Belle Fourche and 
the South Fork, almost completely encircle the Hills and wholly 
isolate them from other systems of drainage These encircling 
arms send radiating streams toward the more elevated portions 
of the uplift, the, high western plateau being the main divide. It 
is of particular importance that, although the Black Hills ace 
surrounded by a semi-arid plain, the Hills themselves have a con- 
siderable degree of rainfall and many of the streams within the 
more elevated portions flow without intermittence. The annual 
rainfall varies widely. Near the foothills, as observed at the 
United States weather station in Rapid City, it averages 16.71 
inches. At Deadwood, situated further within the Hills, it is 
about 28.5 inches. This latter amount is perhaps a fair average 
for the areas in which the more extensive mining operations are 
carried on. 

The probable geological history of the Hills is briefly as fol- 
lows:* In Algonkian time the schists and quartzites were de- 



*Maiiy authors have written on this subject For the latest and most 
complete discussion of post -Algonkian conditions available at this writing the 
reader is referred to the followmg: Darton, N. H^ Preliminary Description 
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posited as sediments derived from land lying apparently either to 
the west or to the northeast of the position now occupied by the 
Hills. Later these original sediments were cut by basic ernp- 
tives, at which time more or less metamorphism and folding were 
produced. Subsequent to this action the sedimentary rocks, as 
well as the basic eruptives, were ramified by quartz veins, many 
of which are gold-bearing. Following the eruption of the basic 
rocks, and after most or all of the gold-bearing quartz veins were 
formed, extensive granite intrusions occurred. Apparently at 
the time of the intrusion of the basic eruptives the slaty 
cleavage was produced, and approximately coincident with the 
granite intrusions the crystalline schists were developed. At 
some time during the middle or latter part of the Algonkian 
period the sea shallowed and the land rising above the sea as an 
island, reached a considerable height. The rocks thu.s brought 
under the influence of erosive agents supplied much or all of the 
sediments which make up the Cambrian strata. 

Little is known of the conditions during Silurian and De- 
vonian time, rocks of these periods being absent in the southern 
portion of the uplift and very scantily represented in the north- 
ern portion. Deep water prevailed during the early part of the 
Carboniferous period, and although the sea subsequently shal- 
lowed, apparently little or no land area existed near the region 
until after the period closed. The Triassic red beds, with their 
included widely distributed lenses of gypsum, following the ex- 
tensive deposition of the nearly pure Permiin limestone, indicate 
a considerable uplift and general shallowing of the sea. The 
shales, sandstones and impure limestones of the Jurassic show 
considerable oscillation and. on the whole, further shallowing of 
the sea. The Cretaceous rocks, including as they do a great 
series of diversified strata, represent several changes of condi- 
tions. In general it may be said that fairly shallow seas existed 
in the early and later portions of the period, while during much 
of the intervening time deep water prevailed. 

Near the beginning of Tertiary time great disturbances took 
place. The region was lifted quite above the sea and deeply 
trenched by outflowing streams. Sea conditions disappeared, 
leaving the land partially or wholly surrounded by a considerable 
body of water in the form of a lake. Approximately coincident 
with these changes the post-Cretaceous igneous rocks of the north- 

of the Geology and Water Resources of the Southern Half of the Black Hills 
and Adjoining Regions in South Dakota and Wyoming. U. S. Geol. Survey, 
Twenty- first Ann. Rept,, Part IV, Hydrography, 1901. 
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em Hills were intruded among the sedimentaries. and by their 
subsequent denudation and degradation added their portion of 
sediment to the surrounding lake. The lake then disappeared and 
upon its dry bed the modern streams have trenched their way. 
Concerning this and subsequent activity, in view of the too fre- 
quent lack of appreciation of the work performed by streams, I 
cannot do better than quote from Prof. Newton. "The streams 
that had been transporting detritus from the Hills and casting it 
into the lake now found their way to the rivers and transferred 
their burdens to them. Little by little, but continuous,ly, they 
have eaten away the substance of the Hills ever since. The 
canyons they have cut, and which appeal to our eyes as marvel- 
ous monuments of their industry, are the least of their results. 
Since their labor began they have demolished and removed one- 
half of the entire mass of the uplift. Modest and feeble as they 
seem, it is their ambition patiently to toil on until no vestige of 
the Hills remains."* 

HISTORICAL REVIEW 
The existence of valuable gold deposits in the Black Hills 
was first made known to the world in 1875, Certain stories, still 
current, indicate that some of the Sioux Indians and a few white 
men knew of the presence of gold here several years prior to this 
time, but nothing definite can be learned as to the actual facts. 
The earliest authentic account of its finding dates from July 27, 
1874, at which time Mr. H. N. Ross and Mr. W. T. McKay, min- 
ers accompanying the expedition of General Custer, found smalt 
quantities of the precious metal in the bed of French creek, in 
what is known as Custer park, the exact locality of the find being 
within the present town of Custer, between Washington and 
Custer avenues where crossed by Ninth street, t Plate i gives a 
view of the locality. In this view the exact place of discovery is 
shown to be some distance from the creek bed, the creek having 
been turned out of its former course by the railroad, which runs 
near. Owing to the rapid movements of the expedition no thor- 
ough prospecting could be done, and although gold was observed 



'Report oa the Geology and iResoarces of the Black Hills of Dakota, 
18S0, p. 222. 

fDate and locality given by Mr. Ross, who now resides in Custer and by 
whom the old diggiags were pointed out to the writer. In this connection see 
also the following; Ludlow, William. Report of a RecoDDaJssance of the 
Black Hills of Dakota, Made in the Summer of 1874. Wash., 1875, pp. 15 
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in several localities no definite idea was gained as to the extent 
or value o£ the deposits. 

The report that gold had been found, although greatly ex- 
aggerated, quickly aroused much excitement among the fron- 
tiersmen. As a result, only a few weeks after the Custer expe- 
dition, a party entering the Hills for the purpose of settlement 
reached French creek, and on December 23, 1874, the date of 
their arrival, found gold about three miles below the present site 
of Custer, near what is known in Black Hills history as The 
Stockade, a structuie built by the party soon after their arrival 
for protection from Indians. The party did much prospecting in 
this vicinity during the winter, opening several quartz lodges 
withui the park and sinking pits in the gravel bars along the 
streams, but were compelled by the military to leave the Hills 
early in the spriug. Little gold had been found and the mineral 
wealth of the region still continued veiled in mystery.* 

The Black Hills country was not then open to settlement, 
the area being at that time included within the reservation held 
by the Sioux Indians. The government made strenuous efforts 
to prevent prospectors from entering, and the Indians were con- 
tinually upon ,he lookout for trespassers, but this seems only to 
have intensified the desire to explore and appropriate the coun- 
try. As a result of this interest and as a possible solution of cer- 
tain frontier difficulties, the government in the early part of the 
year 1875 organized a special survey for the purpose of learning 
definitely whether or not the mineral and other resources of the 
region were such as to warrant its purchase from the Indians for 
settlement. Professor Walter P. Jenney was appointed geolo- 
gist in charge, with Mr. Henry Newton as associate geologist. 
The expedition reached the Hills in May, and shortly afterward 
established the fact beyond doubt that gold existed in the Hills 
in considerable quantity. 

It is worthy of note that the first authentic published state- 
ment of the finding of gold in the Black Hills is given in a letter 
written by Professor Jenney to the Hon. E. P. Smith, Commis- 
Honer of Indian Affairs, Washington, D. C. The letter, dated 
Camp on French Creek, near Harney Peak, June 17, 1875, was 
first published in the Mining and Engineering Journal. It was 
included later in Professor Jenney's official report to the Com- 

ar. The Last Hunting Ground of 
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missioner of Indian Affairs, published in 1876, and again in the 
Report on the Geolosjy and Resources of the Black Hills, 1880.* 

The gold to which Professor Jenney referred was found June 
iz, 1875, on the north bend of Castle creek, in terraces or bars 
of quartz gravel, and subsequently southward to French creek. 
Following this much prospecting of an unsatisfactory nature was 
done along French creek, but nearly a month later important 
discoveries northeast of Harney Peak, in the placer deposits of 
Spring and Rapid creeks, caused a rush in that direction, this 
being the first real stampede in connection with the Black Hills 
gold excitement. By this time several hundred prospectors had 
succeeded in gaining access to the region, and of this number 
more than one hundred staked out claims on Spring creek and 
proceeded to pan for gold. 

Professor Jenney aiid his corps of miners continued their in- 
vestigations throughout the sumiiKT, assisted in no little degree 
by the prosp!:ctors, who had entered the. Hills contrary !o the 
regulations governing the- reservation. French creek and Castle 
creek received the most attention, allhongh considerable pros- 
pecting was done along nearlj' all of the more important streams 
within the Hills. The work was carried on principiilly with 
reference to stream gravels, but observations were made also 
upon rock in place. The results of these observations indicrited 
no rich deposits, such as have since be;'n the cause of so much 
interest and excitement in the region, but were such as to give 
promise of good returns for careful work in many parts of the 
Hilis. 

The fact being therefore established that the Black Hills 
region was of much greater value f^r mining purposes than it 
could ever be to the Indians, the government at once entered 
into negotiations for the purchase of this part of the reservation. 
The negotiations were for a time unsuccessful, the Sioux war in- 
tervening, but the transfer was finally accomplished and the 
region was opened for legal settlement February 28, 1877. The 
Indians received the purchase price of four and one-half million 
dollars. Prior to the date of the President's proclamation per- 
mitting settlement and the legal holding of land, proper titles 
could not be acquired, but under such arrangements as miners 
find it necessary to adopt in new countries, claims were laid out, 
controlled and worked. Owing to the practical impossibility of 
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preventiog the entrance of prospectors, the government in the 
latter part of 1875 withdrew all opposition to immigration to the 
Hills, and at the same lime began to withhold much of its pro- 
tection. As a result, Indian depredations became frequent, and 
lawlessness and disorder were common. People, eager' to gain 
some of the reported faoulous wealth, continued to hurry to the 
region, so that before the President's proclamation was issued a 
number of mining camps and towns had been established and the 
aggregate population had reached several thousand. 

In the fall'of 1875 a small party from the southern portion of 
the Hills prospected northward along the headwaters of various 
streams and reaching IJeadwood !>:iilch, in the northern Hills, in 
November, located what is ki;owu as Discovery cliiim, a little 
beloA the mouth of Blacktail gulch. Some indifferent prospect- 
ing had been lione in this vicinity during the precedinir August, 
but it was not until near the close of December that rich depos- 
its \\ere found. Prospecting was continued during the winter 
months in this and neighboring gulches in what is now known as 
Lawrence county, and in the spring extremely profitable placer 
mining began. Previous to this time incoming parties had made 
Custer park, in the southern Hills, their first objective point, but 
with the discovery of the rich placers of the Deadwood region 
the northern Hills at once gained supremacy. The discovery a 
few weeks later of the rich conglomerate ores and of the great 
impregnated zone known as the Homestake belt indicated the 
permanent wealth of that part of the Hills, and during each of 
the twenty-six years since that time Lawren,~e county alone has 
far surpassed all the remainder of the Hills in the production of 
gold. 

Other facts in connection with the history of the region are 
of interest, but for these the reader is referred to subsequent 
pages in which the development of the various deposits is re- 
viewed. One feature, however, in the advancement of the 
region needs to be mentioned here, namely, the construction of 
railroads. 

For ten years after the discovery of gold the Black Hills had 
no railway facilities of any kind. Mills were freighted long dis- 
tances, generally from Bismarck, North Dakota; Cheyenne, Wy- 
oming; or Sydney, Nebraska, and such ore as demanded treat- 
ment outside of the Hills had to bear the expense of similar 
haulage. 

In November, 1885, the Fremont, Elkhorn and Missouri Vai- 
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ley railway, of the Northwestern system, reached Buffalo Gap, 
near the southern edge of the Hills. In December, 1890^ it en- 
tered Deadwood. Five weeks later the Burlington railway also 
entered Deadwood, and thus healthy competition in ore transpor- 
tation began. A little before this, in iSgo, the interurban narrow 
gauge line connecting Deadwood and Lead was constructed and 
put in operation. Much of the Black Hills and Fort Pierre nar- 
row gauge road, conmecting Lead and Piedmont, had been bulk 
earlier, but it was constructed for the particular convenience of 
the Homestake company, and for several years its chief use was 
in the transportation of timber and fuel from the forest to the 
mines. In 1901 this road was purchased by the Burlington. 

Soon after reaching Deadwood the Fremont, Elkhom and 
Missouri Valley, and the Burlin^on, extended branch lines to 
the mines near Ruby basin, Bald mountain, Portland and Crown 
Hill, the Burlington descending into the picturesque Spearfish 
canyon and going on to Spearfish. At this writing the two roads 
.are extending their main lines into Lead, and the Burlington is 
entering Galena. Thus the northern Hills are favored with ex- 
cellent railway facilities, and to this fact is largely due the open- 
ing up of many important mines. The central and southern 
Hills are not so well supplied, but the construction of a branch 
line to Keystone by the Burlington three years ago, from its main 
line at Hill City, has partially relieved the demand. 
MINERAL PRODUCTS. 
The mineral products discussed in this paper may be con- 
veniently arranged as follows: 

Metallic : Non-Metallic : 

Gold, Graphite, 

Copper, Mica, 

Iron, Spodutnene, 



Silver and Lead, Miscellaneous. 

Tin, 

Tungsten. 
Of these, the metallic products will be treated first. The 
members of each group follow one another in alphabetical order, 
with the exception of gold, which, oy reason of its enormously 
greater importance, is given first. 

GOLD. 
Classification of Black Hills gold ores: 
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A. Ores occurring within the Algonkian rocks. 

1. Id quartz veins. 

2. la veins of auriferous pyrite. 

3- In igneous dikes, sheets, etcetera. 

4. In slate breccias. 

5. In fissure veins. 

6. In mineralized zones. 

B. Ores occurring within the Cambrian rocks. 

7. Ill the basal conglomerate^ "cement ores." 

8. In the states, sandstones and quartfites — "sili- 

ceous" ores. 

C. Ores occurring within the Carboniferous rocks. 

9. In brecciated "verticals" in limestone— "siliceous" 

ores. 

10. In massive limestone - "lime-siliceous" ores. 

D. Ores occurring within the Pleistocene deposits. 

11. In high level bars— "dry" placers. 

12. In present stream beds — "wet" placers. 

In the treatment of the above divisions numbers 3, 4 and 5 
are discussed together, likewise numbers 9 and 10, and numbers 
II and 12. 

THE VEIN QUARTZ ORESJ 

The gold-bearing quartz veins are found chiefly in the cea- 
tral and southern Hills in Pennington and Custer counties. 
Lawrence county, in the northern Hills, includes some valuable 
quartz veins, but thus far few of these have been extensively de- 
veloped. 

The first prospecting on the quartz veins was done in Custer 
county in 1875. The first ton of gold-bearing quartz subjected to 
careful treatment was taken in August, 1875, by Joseph Rey- 
nolds from a ledge near French creek, about three and one-half 
miles above Custer, and sent by wagon and team, at a cost of 
forty-five dollars, to Cheyenne, Wyoming, where it was sampled 
and sent to Georgetown, Colorado. Some of the ore was found 
to run as high as seventeen dollars a ton.* 

The first claim to be worked extensively was the Grand 
Junction, located seven and one-half miles northwest of Custer, 
near the Custer-Pennington county line. The claim was staked 
in April, 1879, and in 1880 a twenty stamp mill was erected. 

r The Last HuatinKl Ground of 
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This mill ran intermittently until 1882, during which year twenty 
more stamps were put in. The enlarged mil! ran until 1885, 
when the ore. which had been chiefly free-milling near the sur- 
face, became too refractory for amalgamation, and work was 
suspended. 

Among other properties early located are the Atlantic, the Old 
Bill, the Old Charlie, the North Star, and the May Flower, near 
Custer; the King Solomon and the Grixzly Bear, near Hill City; 
and the Montana, near Rochford. Mills have been-crected on 
some of these properties, all of the mines have been intermit- 
tently productive and most of them have afforded some rich ore. 

Many properties have recently become ot importance, and 
several of the older abandoned mines iire again receiving atten- 
tion. Of the present active mines the Holy Terror, of Penning- 
ton county, plate 2, and the Uncle Sam, of Lawrence county, 
plate 3, are the chief producers 

Quartz veins are abundant throughout the area occupied by 
the Algonkian metatnorphic rocks. They generally, but do not 
always, follow the foliation of the slates, schists and quartzites, 
with which they occur, and the individual vein may occasionally 
be traced a considerable distance. As frequently observed else- 
where, they show great variation in thickness, especially in 
the schistose areas, where the veins are often of lenticular form, 
and where in the more extensive veins swelling and narrowing 
seem to be the rule rather than the exception. The thickness 
seldom reaches fifty feet, and in most cases it is very much less 
than this, much of the mining and exploratory work having been 
carried on along veins less than four leet in thickness. The 
veins seem to be more numerous in the schists than in the slates, 
but the veins in the slates are in general said to be thicker, more 
clearly defined, and more persistent than those found in the 
schists. 

Professor Newton refers to the veins as "veins of intercala- 
tion," and states that some of them appear to be "true veins, 
formed by the collection of quartz along, lines of separation ol 
the strata. Professor Jenney in much the same way states thai 
they are not "true fissure veins," but designates them as "inter- 
laminated fissure veins," and adds that the veins are chemical 
precipitations from water holding silica in solution, partly, a1 
least, derived from the wall rocks of the veins, and undoubtedly 
formed during Che folding of the strata, at which time the gold 
must also have been deposited. In this connection it should be 
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borne in mind that the foliation, which has been interpreted by 
some investigators of Black Hills geology as largely or wholly 
coincident with original stratification planes, has been shown by 
Professor Van Hise to be chiefly due to metamorphic processes 
which have practically obliterated the stratification planes, ex- 
cept ir favored localities, where with careful study the original 
relations may be discerned. 

The veins have a general north-south trend, sometimes 
swaying considerably to the east or west. Such veins are locally 
known as "formational veins." Occasionally cross veins are 
found which follow fractures at a considerable angle to the folia- 
tion, not infrequently being approximately at right angles to the 
general trend of the formational veins. These cross veins, like 
the north-south veins, may be gold-bearing, and in some cases 
are said to be quite r ch. 

The quartz of which the veins are composed is highly crys- 
talline, and is generally opaque white. When auriferous it is 
often bright and translucent, with not infrequently a bluish or 
black tinge. Iron oxide, in the form of limoni!e, commonly oc- 
curs, intimately issociated with the quartz near the surface and 
occasionally in considerable quantity. Pyrite is an associate, but 
is found only in the deeper workings. On the Chiikoot and 
neighboring properties, eight miles east of Custer, crystallized 
graphite is found filling minute cavities in the quartz. Tetrady- 
mite is found as an associate on the Newark property near Cus- 
ter.* Siderite is common in many places, particularly in the 
vicinity of Kochford. Galena is common in the Uncle Sam mine 
at Perry, plate 3, particularly in connection with the richer pock- 
ets of gold, and sphalerite is not an infrequent associate. Other 
mineral associations doubtless occur, but apparently little atten- 
tion has been given to their observation. 

The gold in all of the developed properties is more or less 
free-miliing, as may be readily seen by the ordinary pan test. It 
is almost completely free near the surface, but becomes gradually 
more and more refractory with depth. For some reason not yet 
clearly explained the concentrates at many of the mines have not 
yielded readily to metallurgical processes, and largely for this 
reason a number of apparently valuable properties are now idle. 
The Holy Terror mine at Keystone, plate 2, which is down 1,200 

I BUck Hills Geology, Black Hills Mining Rft* 
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feet vertical, has perhaps had the longest approximately coatio- 
■OU8 run of all the mines on vein quartz. In this mine the free 
gold has coQtinued in abundance with depth, but even here, and 
especially in that portion of it formerly known as the Keystone 
mine, the concentrates are important The refractory ores from 
various mines are now being experimented upon and doubtless a 
satisfactory method of treatment will be found. 

One feature of interest in developinent work within the 
granite area is that the granite is^younger than the auriferous 
veins, and since it often protrudes into the metamorphic rocks in 
the form of dikes, sheets and irregular mass.es must necessarily cut 
such -auriferous quartz veins as siay have originally intersected its 
pathway. In many such cases :he displacement is not great, and 
by going through the granite flow thp vein may be again en- 
countered without great expense. This has been done in a num- 
ber of instances, particularly in the Chilkoot district. 

The gold occurs generally in minute particles scattered 
through the quartz, but many properties have afforded excellent 
display specimens. The value of the workable veins varies widely. 
Twenty dollar ore is common, fifty dollar ore is not infrequent. 
and much higher assays are occasionally observed. The Holy 
Terror mine, uniil recent litigation hindered its development, 
showed phenomenally rich ore for many weeks in succession, and 
the statement is made that by means of a ten-stamp mill it has 
produced as high as $70,000 in one week. The vein is narrow, 
and sinking has consequently progressed rapidly, the vertical 
shaft being now down 1200 feet. 

The rather checkered career of many of the mines on quartz 
veins has greatly handicapped the study of these deposits. Un- 
wise management and difficult conditions have too often com- 
bined to render efforts unsuccessful which apparently should have 
gained excellent returns. Recently there has been improvement 
in many ways. Perhaps never before has there been so much 
development work done on quartz veins during the same length 
of time as during the last twelve months. Gold exists in these 
veins in quantity, and although presenting difficulties often not 
easily overcome, they will doubtless rise in the future to a much 
■more commanding place than they now hold. 

AURIFEROUS PYRITE VEINa 

No veins of pyrite in the Hills are worked exclusively for 
their gold content. Pyrite veins in various parts of the Hills 
have received attention in past years, but at present, so far as I 
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can learn, only three properties are producing ore, and these 
produce only for fluxing purposes. These are the Slavonian 
mine, near Lead, and the Gilmore and the Seim mines, near 
Deadwood. The Bion, near Galena, contains a wide vein, but 
is not producing. Other properties could doubtless furnish much 
material were railroads convenient and smelter demands suf- 
ficient. All of the ore now produced is sold to the Golden Re- 
ward fimelter at Deadwood for use as flux in the reduction of the 
Cambrian siliceous ores, the Value of the pyrite depending some- 
what upon its purity and the amount of gold and copper present. 
The pyrite from the mines mentioned is said to carry from fifty 
cents to three dollars a ton in gold, and generally a small per 
cent of copper, the latter occasionally running up to three or 
four per cent or mote. Silica is generally present in greater or 
less amount, and the per cent of graphite is occasionally high. 

The Seim mine has been worked since 1890 and the Slavonia 
for a considerable time. The Gilmore mine has just begun pro- 
ducing. No account of the total output is at hand, but the pres- 
ent production of the mines is from fifty to one hundred tons a 
day. 



The porphyritic rocks of the northern Hills, as well as the 
dioritic and granitic rooks of the central and southern Hills, are 
occasionally auriferous, but with «ome few exceptions little econ- 
omic importance has been attached to them. In Pennington and 
Custer counties the dioritic schists have been exploited with 
some confidence, but as yet none of the properties have become 
strong producers. The porphyries near Galena are of consider- 
able geological importance and occur in the form of dikes and 
sheets. Gold is widely diffused through these rocks, it being 
found both in the dikes and in the sheets, generally with iron py- 
rites, but sometimes free. 

Interesting slate breccias and fissure veins also occur in the 
Galena district. Having had no opportunity to examine these, 
I quote from Professor Jenney, who has studied them and who 
describes them as follows: "Broad zones or belts of gold-bear- 
ii^ breccias traverse the schists and slates in the Union Hill, 
Hoodoo and adjacent mines. These breccias are made up of 
angular fragments of slate, a confused mass of material without 
any apparent order of arrangement; the pieces of slate of all 
sizes and shapes cemented together into a solid rock. Among the 
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rock fragments may be found siliceous slates, mica slates and schists 
commonly occurring in the vicinit)', with less frequently quartz 
derived from the older veins. The slate fragments are more or 
less decomposed, softened and bleached in color, probably owing 
to the action of heated alkaline waters during the mineralization. 
The porphyry intrusions in the breccias are locally kaolinized; 
quartz alone has resisted alteration. Id some localities the brec- 
cias are formed of dike-like masses of porphyry, throughVhich 
the fragments of slate are irregularly distributed, evidently hav- 
ing been inclosed in the fluid igneous rock at the time of the in- 
trusion. In other places porphyry is absent and the breccias are 
entirely composed of material resulting from the crushing and 
alteration of the primary rocks. These distinctions are not 
well defined; every gradation in the character of these frag- 
mental rocks is seen in the district. Dikes and intruded masses 
of porphyry with only scattered inclusions of slate, gradually 
merge, from an increase in the relative proportion of inclosed 
fragments, into breccias largely made up of slate. Iron pyrite 
containing gold is disseminated throughout the breccias in vary- 
ing amount. The pyrite is mainly deposited in the cementing 
material, though the slate fragments have a little disseminated 
mineral. The gold, together with the pyrite, is readily separated 
from the ore by concentration; a small part of the gold is free 
in certain ore deposits and can be amalgamated Near the surface 
the ores are oxidize.d and a somewhat larger proportion of the 
gold is free. These ore deposits are of great extent; a breccia 
developed in the Hoodoo mine is more th^ 200 feet in width, 
and of unknown length on its course. Similar ore bodies occur 
in the adjoining mines and can be traced on the surface for dis- 
tances of 1000 to 2000 feet. The origin of these breccia deposits 
appears to have been due to crushing of beds of slate by move- 
ments of the strata, caused by the intrusion of the igneous rocks; 
the mineralization taking place at a subsequent period. 

"Fissure veins traverse the slates, locally extending up into 
the porphyry overflow. The veins are commonly narrow and 
frequently carry high grade ore. A vein of this type lately 
opened in the Hoodoo mine is six feet in width; the ore slate and 
quartz carrying pyrite and free gold. Narrow veins filled with 
decomposed porphyry, bearing gold and often high grade, occur 
in the porphyry overflow covering the surface of Union Hill; cer- 
tain vertical fissures carry ores of copper."* 
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IMPREGNATED ZONES. 

The ores of the impregnated zones are of gVeat importance. 
One of these zones, known as the Homestake Belt, has furnished 
approximately three-fourths of the total gold output of the Black 
Hills, and notwithstanding the recent rapid advancement in the 
utilization of other varieties of ore, this belt is now affording 
more than one-half the annual output. 

Thus far the ores of the impregnated zones have been con- 
tinuously worked for a considerable length of time only in Law- 
rence county. Many claims, however, in Custer and Pennington 
counties are said to carry as high values as the Homestake ore, 
and some of the ore bodies in these counties are large. 

Of the properties outside the Homestake belt that have been 
worked, perhaps none have been more extensively exploited 
than the Standby at Kochford. This mine was opened in the 
early years of Black Hills history, and although worked inter- 
mittently, has been a producer of no mean consequence. In the 
past only the free-milling gold was saved, no effort being made 
to secure the refractory valuer. At present substantial exploratory 
work is being done on lower levels than before, and efforts will he 
made to save such concentrates as may be found. The Bullion and 
other mines near Keystone have furnished considerable gold, but 
these are not now producing. In the Hornblende district west 
of Rochford several mines are being developed, but none have 
reached the stage of steady production. Custer county also has 
various properties of a similar nature, but none are active pro- 
ducers. In several of the properties coming under the class of 
impregnated zones, the gold is practically all free-milling at the 
surface, while in others it is only partly free-milling or mostly re- 
fractory. Several years ago Professor Carpenter, while Dean of 
the School of Mines, tested some of the more refractory ores and 
made calculations as to their probable value if mined and treated 
carefully on a large scale, such as is done by the Homestake 
company. It is sufficient here to state that in several instances 
favorable results were reached.* 

The Homestake mine, widely known as the greatest low 
grade gold mine in the world, is the typical example of the 
■ class, and having been an important factor in the development of 
the Black Hills, may be described in some detail. 

The mine lies to the southwest of Deadwood, being situated 
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between Whitewood creek and Deadwood gulch. Near the mine 
and at equal pace with its development a busy town, Lead (pro- 
Douuced Leed), has grown up. the town now the largest in the 
Black Hills, plate 5, taking its aame from the miners' term 
"lead," meaning lode. 

The first claims located on property now controlled by the 
company were the Giant and the Old Abe. These were located 
by J. B. Pearson, December 11, 1875, and, aside from placer 
claims, are believed to have been the earliest mineral locations 
in the Hills. Early in 1876 the Homestake, the Highland, and 
the Golden Star were located, and the Old Abe, which had been 
previously abandoned, was relocated. During this year the own- 
ers of the Homestake claim prosecuted vigorous development 
work and constructed and operated a crude arrastre, with which 
they obtained excelleot results. 

In 1877 two stamp mills were utilized in treating the "belt" 
ores. The first, a ten-stamp mill, later increased to twenty 
stamps, was erected by the Racine Miningand Milling Company, 
the mill arriving at Lead April 7th. The stamps began drop- 
ping April 15th and the first clean up was made April 20th. The 
second mill, erected by Mr. Enos, who had purchased a consid- 
erable portion of the Homestake claim, was put in operation in 
July. Subsequently, when the Homestake company acquired the 
properties from which these mills had obtained their ore supply, 
the mills were torn down and the machinery removed to other 
localities. 

The Homestake Mining Company was incorporated Novem- 
ber 5, 1877, but its real history began several months prior to 
that time. In the fall of 1876 Mr. L. D Kellogg, a representa- 
tive of Mr. J. B. Haggin, and Senator George Hearst, of Cali- 
fornia, arrived in the Hills and made a preliminary examination 
of various properties in the vicinity of Lead. In January, 1877, 
Mr. Samuel McMasters visited the locality under the direction 
of the same individuals, and during the summer and fall a thor- 
ough examination was made. Senator Hearst then personally 
inspected the properties, purchased various claims, and arranged 
immediately for the erection of an eighty-stamp mill. The mill 
was shipped by rail to Sydney, Nebraska, from which point it 
was freighted to the mine by ox team, the cost of transportation 
from Sydney to Lead amounting, it is said, to $33,000. 

In July. 1878, during which month Ifce eighty stamps were 
placed in commission, the first and only assessment in the his- 
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toryj' oftltheDcompanv was levied. This was at the rate of one 
dollar ' a share andS afforded $200,000 required for the erection of 
the mill. C 

^^ As! the magnitude of the ore deposit became moreclearly de- 
fined by exploratory work the milling capacity was increased, 
important timber and water rights were acquired, a short, but 
important, railway line was constructed, and absorption of vari- 
ous Icompanies controlling adjoining properties was brought 
about. Some idea of the company's present surface equipment 
can be gained by reference to plate 15, in which there is shown 
a view of the hoists, mills, etcetera, near Lead. This does not 
include the 1300-lon cyanide plant recently constructed below 
Lead, the 700-ton cyanide plant now building at Central, nor the 
hoists and stamp mills at Terraville and Central. 

In general the mine has shown a steady growth in produc- 
tion and most of the mills have been running continuously. 
Within two years after the installation of the original Homestake 
eighty-stamp mill a total of five hundred eighty stamps were 
dropping. These were distributed as follows: The Homestake 
at Lead, erected 1878; eighty stamps; the Father De Smet at 
Central, erected 1878, eighty stamps; the Golden Star at Lead, 
erected 1879, one hundred twenty stamps; the Deadwood at 
Terraville, erected 1879, sixty stamps; the Caledonia at Terraville, 
erected 1879, sixty stamps; the Golden-Terra at Terraville, 
erected 1880, sixty stamps; and the Highlardat Lead, erected 
1880, one hundred twenty stamps. 

All of these mills continued in active operation until 1892, at 
which time the Father DeSmet ceased and in 1893 the Caledonia 
followed. This action was .necessitated by the scarcity of water 
and by the low tenor of the free-milhng ore in these mines. 
About this time, however, the Homestake mill increased its ca- 
pacity by the addition of twenty stamps, the Golden Star by the 
addition of forty stamps, and the Highland by the addition of 
twenty stamps. 

In 1899 a largely increased supply of water was obtained 
from Spearfish creek, and in 1900 a 1300-ton cyanide plant for 
the treatment of concentrates was completed. At present all of 
the mills are in active operation, the total number of stamps 
dropping being 900, distributed as follows: The Homestake, 
200; the Golden Star, 200; the Highland, 140; the Deadwood- 
Terra, 160; the Caledonia, lOO; the Father DeSmet, 100. 

The ore-bearing area of the Homestake belt as definitely ex- 
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ploited covers an area approximately one and one-half mites long 
and one-half mile wide. Two active companies are now carry- 
ing on extensive exploratory work outside of this area, the Hid- 
den Fortune Company to the north of Lead, and the Black Hills 
Development Company to the south, in the belief that the ore 
bodies may be found beyond the boundaries as generally dehned. 

The ore lies in lenticular bodies of great extent, the work- 
able portions in some places exceeding 400 feet. In one place it 
is said to reach 525 feet. By reason of this great width much of 
the ore has been worked by open cuts, some of which cuts have 
grown to great size, as shown in plates 4 and 15. At present 
most of the mining is underground. The deepest working levels 
are hod feet below the surfaca. The ore bodies have practically 
the same foliation as the surrounding coautry ro.;k, the general 
strike, according to Or. Carpenter, being N 37^° W and the 
dip steeply to the east. Amphibolites and porphyries are pres- 
ent. The amphibolites conform closely to the foliation of the 
enclosing metamorphic ro^ks, while the porphyries, sometimes 
in dikes and sometimes in sheets, either stand approximately 
parallel to the foliation, or lie across the unsvea edges of the up- 
turned rocks. 

The gold occurs chiefly in chloritic and amphibole schists 
highly impregnated with quartz. The principal associate min- 
erals are iron pyrite, pyrrhotite. and arsenopyrite. Ore highly 
charged with iron pyrite generally falls below the average value 
in gold, while the arsenopyrite ore is more often above the aver- 
age. In the surface workings iron oxide is abundant, and the 
color of much of the ore is reddish brown. On the lower levels, 
where the unchanged sulphides abound and where the quartz is 
clear and the schists are fresh, the general color is green. 

The free-milling character of the ore is pronounced. Prac- 
tically all of the values in the surface ores are extracted by sim- 
ple amalgamation. During the first twelve years of mining op- 
erations no attempt was made to save concentrates, although the 
deeper ores gradually became less free-milling. Concentrates 
have been saved since 1890. Until two years ago they were sent 
to the smelter at Deadwood for treatment, but in 1900 the com- 
pany erected a 1 300-ton cyanide plant at Lead, which is now suc- 
cessfully treating the tailings by the cyanide process. The 
company, having proven to its satisfaction that the cyanide pro- 
cess can be used advantageously, has (recently begun the 
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erection of a second plant of 700 tons capacity, the location of 
this plant being at Central. 

The sulphides vary generally from three to five per cent of 
the ore, but occasionally run up to ten per cent or higher. The 
assay value of the concentrates, of which about 85 per cent is 
iron sulphide, averages $7 a ton. The present average value of 
the gold in the ore is usually given at about $4. 50 a ton, of which 
approximately $3. 50 is saved. The new cyanide plant will ma- 
terially lessen the waste. 

Concerning the origin of the ores, Dr. Carpenter suggests. 
that at the time of deposition of the enclosing rocks, large quan- 
ities of proto-sulphide of iron were formed through the agency 
of decaying organic matter whose presence at that time is at- 
tested by the large quantities of graphite now found in these 
beds. Originilly thii proto-sjiphide was practically free of gold 
but later by the action of ferric silts in solution the proto-sul- 
phide was changed to bi-sulphide, aud the iron solutions which 
wrought the change also brought the gold which is now found in 
these deposits. The intrusion of the porphyry he thinks has been 
beneficial for two reasons: First, it has rendered the ores more 
free-milling. Second, it has in its neighborhood produced either 
an enrichment of the deposit or a further concentration of what 
gold originally existed in it.* 

In view of the fact that the Hills were the seat of much 
igneous activity previous to the metamorphism of the Algonkian 
series, as indicated by the widespread distribution of basic rocks 
now represented by the amphiboUtes, and further that the 
auriferous quartz veins were formed prior to the granite intrusion 
which took place during algonkian time it seems possible that 
the amphiboUtes may have caused or controlled the original 
deposition of much of the gold now found in the impregnated 
zones. 

In the absence of careful investigation it is difficult to say 
whether or not the amphiboUtes did exert any controlling influ- 
ence, but their present rela.ion to the metamorphic sedimen- 
taries suggests that they may have been forced into the Algonkian 
sedimentary rocks in much the same way that the post-cretaceous 
eruptives have been injected among the Cambrian and Carbonif- 
erous rocks. This being the case subsequent mineralization 
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may have taken place in some way not greatly different from that 
which has been brought about in the northern Hills since 
Cretaceous time, the chief diffarence being that in the former 
the final processes left the gold in veins and in impregnated 
zones in a partially or wholly free milling condition, while in the 
latter it is in the form of ore shoots and is quite refractory. 

CEMENT ORES. 

The auriferous character of the Cambrian conglomerate 
within the porphyry capped hills to the west and southwest of 
Deadwood was discovered in the early part of 1876 only a little 
later than the finding of the rich placers in Deadwood gulch. 
Owing to the occasional high values which the ores contained 
and the ease with which the gold could be extracted, it being 
chiefly free-milling in the richer portions, the discovery led to 
immediate and pronounced excitement. For several months 
only the crude arrastre could be utilized in milling the ores, the 
first one having been constructed by Gardner, Chase and Com- 
pany, owners of the Chief of the Hills, but these were efficient 
enough to indicate the profit with which the ore could be worked, 
and better mills were rapidly brought in to replace the hastily 
constructed makeshifts. 

The first quartz mill brought into the Hills reached Dead" 
wood September 25, 1876, and was placed a short distance above 
Gayville on Deadwood gulch. This pioneer quartz mill of the 
Black Hills consisted of a Blake crusher and a Bolthoff ball pul- 
verizer arranged for steam power and was brought to the Hills 
by Captain C. V. Gardner. The mill treated the rich conglom- 
erate ore from the Hidden Treasure mine on Spring gulch, the 
claim having been located May 13, 1876. and before the close of , 
the year had produced twenty thousand dollars in gold. A little 
latter Milton E. Pinney brought in the first stamp mill. This 
was a ten-stamp plant and was erected on the Alpha-Omega 
property near Central. This mill, as in the case of the Gardner 
mill, was purchased at Central, Colorado, and shipped by rait to 
Cheyenne, Wyoming, from which latter point it reached its 
destination by means of heavy freight wagons. The expense of 
hauling from Cheyenne was twelve and one-half cents a pound. 
The mill began dropping its ten stamps December, 31^ 1876, and 
quickly proved a profitable investment. 

Mills rapidly multipUed until thelearly part of the year 1878, 
at which time the.milUng of conglomerate ores was at its height. 
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About twentyD mills were in active operation, dropping approxi- 
mately five hundred stamps. After 1878 the richer deposits 
gradually became exhausted, and by 1881 work upon them had 
practically ceased. However, as in the case of the placer de- 
■ posits, a few properties have continued to be worked in a small 
and intermittent way even to the present time. Recent develop- 
ments in metallurgical methods seem to indicate the possibiUty 
of these ores being utilized to considerable profit in the future 
owing to the fact that much of the ore contains refractory gold 
along with the free gold. Several companies are now studying 
the problems involved. 

The conglomerate is at the base of the Cambrian rocks, 
known as the Dead>vood formation as developed in the Black 
Hills, the series here representing apparently only the middle 
Cambrian, hence not properly called Potsdam as was formerly 
supposed, and lies unconformably upon the highly metamor- 
phosed and upturned Algoukian rocks. The conglomerate is 
made up of well-rounded andsub-angular boulders and pebbles of 
quartz, slate, schist, etcetera derived from the Algonkian ro.-ks 
on which it rests. In the Deadwood locality pebbles of hema- 
tite are frequent. The ore is tightly cemented by iron oxide and 
silica with some lime, and generally requiies blasting in mining 
and the stamp mill for crushing. It is this character which 
gave it the name "cement ore" by which it is generally known 
within the Hills. Two classes of ore are recognized, namely, 
the oxidized and the unoxidized. The oxidized ore is deep 
brownish red, due to the iron oxide present, while the unox- 
idized is more of a grayish color, fresh looking, and contains 
considerable iron pyrite. 

The conglomerate varies in character, being usually a single 
thick bed, sometimes in two or three separate beds, and occa- 
sionally is wholly wanting. In general it merges gradually above 
into coarse-grained sandstone or, where locally changed, into 
quartzite. It is found throughout a large part of the Hills where 
the proper horizon is disclosed, but in no place distant from the 
Deadwood locality has the gold been observed in remunerative 
quantities. The only other locality where there has been a 
worthy effort to work the deposits is at Gold Hill, near Rocker- 
ville, at which place a ten-stamp mill was in operation several 
months during theyear 1S78 but the results were unsatisfactory 
and the work was abandoned. The formaticn dips gently to- 
ward the outer rim of the Hills and- the ore is readily reached 
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by lateral drifting. The areas which have produced the gold lie 
mostl> to the east of the Homestake belt within a distance of one 
mile from the belt, the ridge between Deadwood gulch and Bob- 
tail gulch being especially productive. 

Mr. Walter B. Dtvereux, from whose paper* the writer has 
obtained much of the information concerning these ores, states 
that the productive material includes only a few feet of the low- 
est part of the conglomerate, and, like ordinary placer deposits, 
shows pay and lean streaks and the occurrence of most of the 
gold near bed rock. The gold moreover has the characteristics 
of placer gold, and in every respect the similarity between these 
deposits and recent placers is so prominent that Devereux gave 
them the name "fossil placers," a name by which they have since 
been frequently called. The Homestake belt, now intersected 
and partially covered by post-Cretaceous-eruptives, was evidently 
the immediate source of much of the gold, the belt having served 
as the shore tine in this locality, while the heterogeneous materials 
of the conglomerate were being deposited in the shallow waters 
of the primordial sea. The relative positions of the Homestake 
belt, the Cambrian strata containing the cement deposits, the 
capping porphyry and the recent placers along the present 
stream valleys as indicated by Mr. Devereux are all shown in 
figure I. 
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Figure I— Approximate Geological Sketcli throagh Homestake Vein. 

Devereux discusses at some length the immediate source of 
the gold, referring chiefly to the free-milling gold, and the method 
of its concentration, giving facts to show that a. small portion of 
it has been deposited through chemical solution, but that the 
great locating cause has been the hijjh specific gravity of the 
gold; in short that the general conditions have been those of 
ordinary placer deposition. This idea has long prevailed, but it 
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is poss ible that the post-Cretaceous eruptivesmay have influenced 
the concentration more than Devereux was led to believe. 

In view of the fact that the Homestake belt has been con- 
sidered as the chief source of the gold, at least of the free-mill- 
ing gold, it is interesting to note that certain comparative an- 
alyses of the metal lead to the same conclusion. Silver being . 
more soluble than gold, it would seem that the cement gold 
should be purer than that from the Homestake belt, the silver 
percentage being lowered during the process of disintegration 
and concentration, and further that the finer the particles of 
cement gold the greater degree of purity it should have The 
following analyses show this condition.* 

1 II III IV 

Coarse gold Coarse gold Fine gold Viae gold 

Gold 903 .893 .917 .915 

Silver- 098 .107 .<_83 .085 

Homestake Highland Terra Deadwood DeSmet 

Gold ; .820 .830 .825 850 820 

Silver 170 .155 ,160 .140 .170 

Coacerning the history of the successive geological changes 
which have taken place in connection with these ores Mr. Dev- 
ereux says: "First we have the proof that the gold veins and 
the contained gold were in existence, in much their present con- 
dition, prior to the Potsdam [Cambriar ] period. Then we have 
the Potsdam seas washing away the debris resulting from the 
disintegration of the quartz veins, and depositing it in deeper 
water, in accordance with its various specific gravities. At the 
same time the gradual wave action carried the gold to the bed 
rock in the same manner as it is settled in a miner's pan. The 
Homestake vein, by reason of its greater durability, formed a 
reef or low island, which never became deeply submerged. After 
a time these sediments became insular, and as such remained 
undisturbed, gradually becoming cemented into rock, until the 
recent eniptiont. of porphyry took place, causing intense local 
metamorphic action. The gold which up to this time had suf- 
fered perhaps a loss in silver only, now became itself partially 
dissolved where the solvents were sufficiently powerful, and was 
again, at least partially, precipitated as thin films in the schists 
below. 

"Once more a period of rest occupied the time, until the 

•Deveretut, Walter B. The Occnrrence of Gold in the Potsdam Foima* 
tion, Black Hilla. Dakota, Am. Inst Min. Eng., Trans, VoL X. p. 465 
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erosive actioa of fresh-water streams cut through the upper strata 
and began to disintegrate the matrix of the gold, and afforded 
material for a new concentrating process Disintegration and 
concentration have been going on until now, when the hand of 
man has hastened the work of nature. 

"This gold from the conglomerate, which found its way 
down the slopes to the gradually lowering bottom of Deadwood 
gulch, was joined with new supplies brought from the Home- 
stake vein through lateral gulches, and the result was the great 
Deadwood placer. That in Blacktail, however, received no new 
accession, and remained a placer which had received its gold 
entirely from the Potsdam sediment. "* 

The gold particles found in the cement are not large, seldom 
reaching a value of more than two or three dollars. Larger 
pieces are not uncommon in the Homestake quart;;. The cem- 
ent gold is made up chiefly of smooth, rounded, slightly flattened 
grains having a thin covering of iron oxide which is easily 
removed in the process of milling. 

The value of the ore varies widely During the early days 
of mining before the richer streaks were exhausted ore is said to 
have run as high as fifty dollars a ton with limited quantities 
near bed rock much higher. Today values as high as twenty dol- 
lars are occasionally found but the average in most of the mines 
is about four dollars. Large bodies, however, are said to average 
five dollars or more. Such bodies are found in various places 
along Blacktail gulch and elsewhere and some work is now being 
. done upon them. Plate 6 gives a view up Blacktail gulch taken 
from the south side of Deadwood gulch at Gayville. 

The free gold of the Cambrian is not confined to the con- 
glomerate but is disseminated throughout the formation. Irving 
states that unaltered Cambrian shales and sandstones two or 
three hundred feet above the basal quartzite on the west 
bank of Spearfish creek have yielded from 80 cents to $2.00 a 
ton. Free gold is said to be found also in unaltered glauconitjc 
shales near Crown Hill, and the writer has heard many state- 
ments to the same effect concerning the sandstones and shales 
near Rockerville. 

With few exceptions this gold above the basal conglomerate 
is of no economic importance. One important locality near 
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Lead, the Hidden Fortune mine, has furnished several car loads 
of excessively rich ore, but the ore was found only a short dis- 
tance above the coQgloTnerate horizon, and may perhaps be 
rightly considered with the conglomerate ores, Plate 20 gives a 
view of this interesting locality. The gold was obtained from 
the open cut at the right of the building near the center of the 
view. 

So far as known the refractory gold of the conglomerate, al- 
though averaging low in value, is in much the same condition as 
in the silecious ores so abundantly developed in and above the 
lower qua rtzite. For a fuller description of these the reader is 
referred to the discussion of the siliceous ores in the following 
pages. 

CAMBRIAN SILICEOUS ORES 

The siliceous ores, known also as refractory ores and form- 
erly as Potsdam ores, are found only in the northern Hills. The 
producing areas lie within Lawrence county and are two in 
number, designated by Prof. F. C. Smith as the Northern Con- 
nected district, lying chiefly to the west and southwest of Dead- 
wood and Lead, and the Galena district, within which the town 
of Galena is situated.* Of the two the Norttiern Connected dis- 
trict is much the larger in areal extent and is the greater pro- 
ducer. Its chief centers of interest are: Ruby Basin, plate 7, 
Bald Mountain, Portland. Crown Hill, North Lead, Sheeptail 
Gulch, Squaw Creek, Spearfish Creek and Yellow Creek. In the 
Northern Connected district the ores carry some silver with the 
gold, while in the Galena district gold, silver ind lead occur 

Igneous rocks of post-Cretaceous age have cut and inter- 
calated the Cambrian strata in the districts mentioned to a 
marked degree. Phonolite, quartz-pot phyry, etcetera have come 
up through the Algonkian metamorphics in the form of dikes, 
plate S, and in many instances continuing as dikes have cut also 
through the Cambrian and Carboniferous rocks or, failing to do 
this, have spread out as extensive sheets, plate 9, or irregular 
masses or as well developed laccolites. Among these forms of 
intrusions the laccolites are by far the most conspicuous and im- 
portant. The best illustrations are Sugar Loaf hill and Ragged 
Top mountain, but Terry peak. War Eagle hill and Bald moun- 
tain east of Spearfish creek, and Johnson peak, plate lO, west o£ 
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Spearfish creek, between Bear gulch and Beaver creek have a 
similar origin. Sheets make up a smaller total amount of the 
eruptive material but their number is important. The thickness of 
the sheets varies from a few inches to two hundred feet or more, 
and indeed thev pass by gradually increasing thicknesses into 
laccolitic masses. Irving states that the sheets vary greatly in 
their regularity and- persistence, sometimes being short, thick 
and irregular, and again long, thin, and of great lateral extent; 
and that the more extended and persistent sheets lie between 
the heavy and less easily broken members of the Cambrian series, 
while those which assume a very irregular form are most com- 
monly in the thicker horizons of very fine shales, where fracture 
is equally easy in all directions.* He estimates that these sheets 
in localities near the centers of eruption have increased the total 
thickness of the Cambrian formation nearly one fourth. The 
dikes are found in considerable numbers and occasionally be- 
come of importance. The materials of which these intrusive 
masses are made up are chiefly phonolite and quartz-porphyry. 
When found together the phonolite is observed always to cut 
the porphyry, indicating different periods of eruption, the phono- 
lite being the later. 

The ore is found at various horizons within the Cambrian, 
chief of which is immediately above the conglomeratic quartzite 
which lies unconformably upon the Algonkian schists and slates. 
The Stewart mine, plate 13, is an excellent illustrarion of the 
class. This horizon is easily distinguished atid is generally known 
among the mining men as the "lower contact." Owing to the 
approximate uniformity of the higher shales and thin sandstones, 
plate 12, together with their many structural disturbances it has 
been difficult in many places to accurately locate the horizon of 
such ore bodies as occur within them. In the past it has been 
customary to refer to such deposits in a general way as "upper 
contact" ores. The proximity of some of these ore bodies to a 
heavy bed of scolithus sandstone known as the "worm-eaten" 
sandstone near the upper part of the Cambrian has possibly given 
origin to the name. Careful observation has revealed the fact 
that valuable ore bodies may be found at several horizons be- 
tween the basal quartzite and the scolithus sandstone, hence the 
distinctive meaning of the term "upper contact" has largely dis- 
appeared. The lower contact ores are in many places underlain 
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by quartzite sufficiently auriferous to be classed as ore. This is 
particularly true of the North Lead, Yellow Creek and Ruby 
Basin areas and may upon further examiDatioa be fouud common 
in other localities. 

So far as known all ore bodies worked in the Ruby Basin, 
Yellow Creek, Crown Hill, North Lead and Sheeptail Gulch 
localities are on or within the lower quartzite. On Squaw creek 
higher ores are worked, and in some places the definite horizon 
can be readily learned. At the Cleopatra the ore bodies are 
immediately beneath the scolithus sandstone, and this is strati- 
graphically about three hundred feet above the lower quartzite. 
Whether or not the lower ores are present has not yet been de- 
termined, but it is believed that exploratory work will reveal 
them In the Portland or Green Mountain area all of the mines 
with one exception, the Decorah, are from two to three hundred 
feet above the base of the Cambrian. * 

It must be borne in mind, as has been previously indicated, 
that igneous intercalations are frequent throughout much of the 
siliceous ore district,, hence in estimating the thickness of the 
sedimentary series allowance must be made for the possible 
presence of the igneous rocks. This is illustrated in the follow- 
ing section observed in the Dacy shaft and drill hole at Ragged 
Top camp: 
Shaft 

Limestone . . 505 feet 

Drillhole 

Limestone 70 feet 

Sandy lime shale So feet 

Variegated shale 167 feet 

Black shale. . 5 feet 

Green sandy shale 5 feet 

Black shale -. 17 feet 

Phonolite 37 feet 

Black shale 18 feet 

Variegated shale ig feet 

Black shale 3 feet 

Variegated shale 19 feet 

Sand Rock 5 feet 

Quartzite 23 feet 

Trachyte, not passed through, 40 feet 

It is also illustrated in the partical view of the open cut on 
the Homestake property, plate 9. The mines in Green mount- 
ain near Portland are almost immediately beneath a phonolite 
cap. The American Express mine in Sheeptail gulch has a roof 
of porphyry and in the Sundance near Terry more than one-half 

"Irving, John D. A Contribution to the Geology of the Northern Black 
Hills, Annals N. Y., Acad. Sci. 1899, Vol. XII, No. 9, p. 301. 
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of the ore is capped by similar material. The same is true in 
many places in the Big Bonanza on Fantail gulch and in the 
Decorah, and doubtless further investigation would show a like 
condition in many other mines. In the Union shaft in White- 
tail gulch a considerable body of pbonolite which forms the base 
of the Sugar Loaf taccoHte was penetrated before reaching the 
sedimentary deposits whose position beneath the opening of the 
shaft could be fairly accurately inferred from the outcrop- 
pii^s along the sides of the gulch in which the shaft is situated. 
In the Tornado shaft only shales and sandstones were encount- 
ered, plate u. Most of the shafts in Ruby basin have a deplh of 
less than three hundred feet. The Delaware shaft, however, 
about one half mile west of Aztec in the southern part of Ruby 
basin is said to have reached nearly six hundred feet in depth be- 
fore encountering the Quartzite. 

The structural relations of the Cambrian siliceous ores show 
some complexity but it is usually of such a nature as to cause no 
serious hindrance to the proper development of mining property. 
Folding is occasionally observed, faulting frequently occurs 
and the igneous intrusions sometimes aid in concealing true 
stratigraphic relations. Plate 1 1, which represents an east-west 
section through Terry, shows these features and readily indicates 
how it is possible to mistake one ore-bearing horizon for seve- 
ral. 

Practically all of the siliceous ore bodies are in the form of 
shoots or channels in immediate connection with nearly vertical 
fractures running in a directon parallel to the longer diameters 
of the shoots. These fractures or 'verticals" are usually slicken- 
sided and are frequently fault-planes along which more or less 
movement has occurred. This movement is well shown in the 
Cleopatra mine on Squaw creek where eleven ore shoots have 
been encountered and in each case there has been faulting vary- 
ing from four to thirty feet. Figure 2 is a cross-section of one of 
these faulted ore bodies which in its general relation is character- 
istic of all. The ore shoots vary considerably in shape but in the 
main are greatly elongated bodies having a rounded or lenticular 
cross-section. They lie in a- general north-south direction and 
are practically parallel with each other. Lateral branches or 
irregularities occasionally tend to conceal the parallelism but 
this is not frequent. The north-south direction is perhaps best 
shown in Ruby basin but in the southern part of this area they 
become deflected to the east. On Squaw creek the direction is 
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nearly northwest-southeast. In the Portland area the direction 
is said to be approximately N 26° E. In the Galena district it 
is nearly east and west. 

In all cases the ore shoots conform closely to the structure 
of the bedded deposits- locally known as the flat or blanket for- 
mation- -with which they are found. The ore bodies, when not 
disturbe! by movements subsequent to their formation are sel- 
dom bounded by well-defined w.ills, so thai the chantje from ore 
to country rock is imperceptible by ordinary means and must be 
determined by frequent assay The ores must contain values 
sufficif'Ml to inti't the demands of the nietallurt;icai processes by 
which ll'ey are treated; ami v\ht'nev(:r the averaj;e fail- to reach 
the P quired standard the lower grade peripheral or s arc not 



Figure 2 — Cross-section of faulted ore body in tlie Cleopatra mine. 
removed. It thus happens that in many instances the real 
limits of the auriferous portions are not learned, and in such cases 
the dimensions of the bodies are greater than those given on the 
mine maps. They vary from the almost imperceptible horizontal 
band or vertical seam along the fracture to a body having a 
thickness of fifteen feet, a width of more than one hundred feet, 
and a length of one half mile or more. In the Tornado mine, 
owned by the Golden Reward Company, one ore body has been 
worked one and one-half miles, and its terminals are not yet 
known. The widest place observed was one hundred seve^nty- 
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five feet. Another body, also owned by the Golden Reward 
Company, has been iraced by workings a distance of five thous- 
and (eet, and in one place the puy ore reached a width of four 
hundred feet. Both of these are on the lower contact Of the 
higher ore bodies, one in the Cleopatra mine on Squaw creek 
has been traced seven hundred feet, the greatest width being 
thirty feet. Doubtless a thorough examination of mine maps 
would show others fully as worthy \o be noted. The distance 
between the ore bodies varies widely. The eleven ore bodies 
thus far discovered on the Cleopatra average sixty-five feetapart. 
In the Buxton mine the average is said to have been not more 
than fifty feet. Throughout much of the Ruby basin the dis- 
tance is scarcely greater than the above. In the east-west cross- 
section through the Tornado shaft at Terry, plate 1 1, the width 
of the workable ore bodies iiggre^ate 7J9 feet of the total 4, i;2 
feet represented. This jsne.irly one fifth of the section and is a 
remarkable showing in view of the fact that one barren stretch of 
eleven hundred feet was encountered. 

Exploratory work is carried on systematically and, as may 
be inferred by the foregoing descriptions, with a considerable 
degree of confidence. Whenever possible the ore bodies are 
reached by means of a tunnel or adit from the hillside, the open- 
ing being located in such a way that the drifting may be carried 
along at right angles to the general direction in which the ore 
bodies are believed to lie. This direction being approximately 
north and south over much of the siliceous area the exploratory 
tunnels run generally east and west. If the lower contact ores 
are being searched for the workings lie immediately upon the 
lower quartzite. On the higher levels local conditions govern 
the horizon to be explored. Where access to quartzite by means 
of tunnels from the surface is not convenient or possible shafting 
is resort to. In. this way "sinking to quartzite" has become a 
common term among the mining men. By means of preliminary 
surveys the approximate thickness of the rock series to be pene- 
trated may be learned and the amount of work required to reach 
quartzite estimated with reasonable accuracy. Quartzite being 
reached the exploratory work in the form of east-west drifts is 
prosecuted the same as along tunnels or adits entering from the 
hillsides. 

The Cambrian siliceous ores are classified as blue or unoxi- 
dized ore, and red (or brown) or oxidized ore, the difference be- 
ing that the red ore represents the weathered phase of the blue 

DicilizedbvGoO^^IC 




.■nodi,Go(5glc 



,db,GoOglc 



SOUTH DAKOTA SCHOOL OF MINES. 43 

ore, the disseminated particles of iron oxide in the form of hem- 
atite (red) or limonite (brown) giving the color to the weathered 
material. No very definite rules can be formulated with refer- 
ence to the relative position of the two sorts of ore. Naturally 
the weathered ore is found most abundantly near the out-crops 
or in those mines having a thin covering, while the blue ore is in 
larger proportion at considerable depths. In many places, how- 
ever, doubtless due largely to local structural conditions red ore 
and blue ore occur intimately associated apparently without 
regularity of any kind. Frequently the ore breaks up into 
rounded or nodular blocks with concentric shells, the inner more 
consolidated portions being not infrequently made up of blue ore 
while the outward shelly portions are red or brown This is 
known as "kidney" ore, and indicates in an excellent way that 
the red or brown ore is only a weathered form of the blue. 

Sometimes the ore partakes of the nature of a soft i lay. 
Certain mines near Portland have yielded considerable ore of 
this character, and many mines elsewhere have produced it in 
greater or less quantity. Recently Mr. Blatchfoid, o( the Golden 
Reward Company, collected an extensive series of such soft ores 
from the Rubv Basin mines. Their color ranges from almost 
pure white through various shades of gray, yellow, red and 
browfl to black. One peculiar bluish gray variety, known as 
"miners wax," is distinctly soapy in appearance and feel, soft 
when first taken from the mine, but like most of the other va- 
rities becomes hardened after exposure for a few days in the air. 
The origin of these clay ores is not known, but they seem in gen- 
eral to represent a highly weathered condition of the porphyry. 
The values which they contain are not infrequently above the 
average. 

Iron is present in the ore chiefly in the form of hematite or 
limonite in the oxidized ores and pyrite in the unoxidized ores. 
Sulphur is always present in the unoxidized ores. It occurs 
generally in combination with iron as pyrite, and octasionally 
writh calcium as gypsum, with antimony as stibnite, and with 
barium as barite. Calcium and magnesium are rarely absent. 
Fluorite is abundant in a few localities. Copper minerals are 
not infrequent. Tellurium is present, it having been first ob- 
served by Dr. Richard Pearce in ore from the Welcome mine at 
Terry. Professor F, C. Smith has given some attention to its effect 
in metallurgical processes. Silver is present in varying quantity, 
its average being about two ounces to the ton. 
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Professor F. C. Smith gives analyses for oxidized and uno» 
idized ores as follows:* 

Oxidizedf (Reil ore). 

Silica a4.45 

AluniiiMi .* 4.07 

Ferric OKide . 7.28 

Calcium oxide 0.S5 

MagDesium cntide 0.25 

Sulphur trioxide 3 71 

Tellurium 8.426 oz. per ton 

Gold .... a5740z. per ton 

Silver . 2.875 P^- l>er 'on 

Total 100.61 

Uuoxidized,(Blueore). 

per cent 

Silica 68.748 

Alumina . 3 C172 

Iron . . i3.28g 

Sulphur 11.728 

Gypsum 0.833 

Fluorite 0.784 

Phoshorus pentoxide 11.842 

Tellurium . 4.030 oz. per ton 

Gold 0.325 oz. per ton 

Silver. . '0-5!iP oz per ton 

Total 99.296 

The typical ores are reorganized sandstones and shales 
which in their unchanged condition carry a greater or less amount 
of calcium and magnesium carbonates. The rock when massive 
and not sufficiently auriferous to be of value is commonly known 
among the miners as "sand rock." The transition between the 
sandrock and the underlying quartzite is sometimes sharp and 
sometimes gradual. Irving states that in those localities where 
the transition is gradual the sand grains increase in abundance as 
one goes downward until the dolomite appears merely as a cem' 
ent. 

The ore bodies represent chemical replacements of the lime- 
magnesia material by siliceous solutions carrying gold, the depo- 
sition being a metasomatic interchange of silica, pyrite, etcetera, 
for the carbonates of lime and magnesia, whether the latter are 
present only as a cement or as the body of the rock. The car- 
bonates doubtless acted as the precipitating agents. The source 
of the gold was evidently from the rocks beneath the Cambrian 
deposits. Whether or not it all came from the Algonkian meta- 
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morphic rocks or partly from still deepen sources is uncertain 

Mr. J. D. Irving outlines the history of the formation of 
the ore bodies as follows: "First occurred the intrusion of 
the older quartz-porphyries, which produced much shattering. 
Contemporaneous with these, there may have been a certain 
amount of ore deposition, but not that to which the main silice- 
ous ore bodies owe their origin. Later the eruption of the phon- 
olites took place, cutting and shattering the older eruptives, and 
adding to the number of fissures in the sedimentary rocks. Sub- 
sequent to all of these intrusions, and probably separated from 
them by only a brief interval of time, came a long period during 
which heated solutions, containing fluorine and silica and other 
p'owerful mineralizers gradually replaced the carbonate of lime 
in the more soluble strata of the Cambrian. The chemical activ- 
ity of these solutions was increased by the heat and mineralizers 
derived from the netvly injected phonolites. They passed up 
through the Al^onkian slates and schists, becoming much en- 
riched by the leaching out of the gold from these rocks. Finally 
they reached the very calcareous and porous rocks of the Cam- 
brian, and by a metasomatic interchange, produced the horizon- 
tal ore bodies that are found today."* 

Many difficulties were encountered in the earlier treatment of 
these ores, hence the history of their development is a matter of 
some interest. Professor Smith gives the following facts in this 
connection: "The history of the Potsdam ores commences in 1877 
when Mr. A. J. Smith, of Portland, South Dakota, located the 
Empire mine on Green mountain, and later the Trojan, P*er- 
56 ve ranee and Indispensable in the same vicinity. In 1879 the 
first engine was erected to supply power for the treatment of ■ 
these ores; with it an arrastrewasrun upon ores from the Empire 
mine averaging about $35 per ton. The saving in precious 
metals was little or nothing, and the attempt was discontinued 
after about two months. -In 1880 the Portland Mining Company, 
owning the Portland, Gustavus and Pilgrim mining claims, built 
a mill (which still stands idle near tbe old town of Portland for ■ 
the treatment of these ores by pan-amalgamation; later this com- 
pany purchased the Empire, Trojan, Indispensable, Perserver- 
ance, Folger and Olive claims. Pan-amalgamation saved about 
fifty per cent, of the silver and thirty per cent of the gold, and 
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various other processes, such as "free-milling," kiln-roasting and 
chlorination, and cyanide lixiviation were tried without success. 
In 1883 the Welcome Mining Company passed through a similar 
history of unfortunate metallurgical experiments upon their prop- 
erty near the head of Fautail gulch. In 1886, the Buxton mill 
was built by the Buxton Mining Company, and experiments 
made there oy Mr. O. P. Ankeny, by the use of bromine, seemed 
to have stopped just short of success, probably on account of 
disadvantages which, at the present date, would not surround 
the experiment. 

About this time the siliceous ores were successfully treated 
by the Plattner process in the metallurgical department of the 
School of Mines. In 1899 theGolden Reward Gold Mining Com- 
pany erected a plant in Deadwood for the treatment of the Pots- 
dam ores by barrel chlorination, commencing in April, 1891, with 
a capacity of fifty tons per day. In 1890 the Deadwood and Del- 
aware Smelting Company built the small experimental smelting 
plant in Deadwood, which has since grown so largely. Two 
years later, or in 1892, a small cyanide plant was erected in 
Deadwood by the Black Hills Gold Extraction Company; and in 
November, 1895, the Kildonan Milling Company started chlor- 
ination works at Pluma, South Dakota (a short distance from 
Dead wood), with a capacity of about seventy-five tons per day"* 

Prior to the erection of the Deadwood and Delaware smelter 
(now the Golden Reward smelter) and the Golden Reward chlor- 
ination plant (destroyed by fire in 1899) both of which proved 
successful, siliceous ore assaying less than about $30 z ton could 
not be utilized. By 1894 the processes had been sufficiently per- 
fected to allow for the profitable treatment of $15 ore. Since 
the' recent introduction of the cyanide process ores much below 
$15 have proven profitable and in favorable instances, where 
mining is easy and coarse crushing is admisible, ores as low as 
$4 have yielded fair return. 

CARBONIFEROUS SILICEOUS ORES. 
Gold was discovered in remunerative quantities in the Car- 
boniferous limestone, near Ragged Top mountain in 1896. A 
shaft had tieen sunk ia 1886 on the Silver Ridge property north 
of the mountain, the rock th^e having something of the appear- 
ance of the silver bearing rock of the Iron Hill mine to the north 
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east but nothing of permanent value was found and the shaft was 
abandoned. Ten years later, however, a fortunate assay of mat- 
erial found three hundred yards west of the Silver Ridge shaft gave 
a value of $200 in gold to the ton. Other good ore was quickly 
found and a local boom immediately followed. 

The discoveries of importance referred to were made on de- 
tached boulders or fragments but further prospecting located the 
ore in long fissures or ' 'verticals" both to the north and to the south 
of Ragged Top but chiefly to the north on what is known as the 
Dacy or Balmoral flat. These so called verticals are petpindicu- 
lar crevices in the massive limestone partially or wholly filled 
with a siliceous mass of brecciated limestone containing more or 
less iron oxide and calcite. Active mining operations were car- 
ried on along these verticals, seven in number, during the years 
1896-97 and then ceased, the ore becoming too lean to be profit- 
ably worked. 

The greatest thickness of the verticals at the surface was ap- 
proximately ten feet but all are said to have become narrower 
with depth. The average depth of ore of sufficient value to work, 
at that time approximately twenty dollars in gold to the ton, 
was about sixty feet, although the Balmoral and the Dacy con- 
siderably exceeded this depth. The Dacy vertical, the largest 
producer, has been traced along the surface a distance of two 
thousand feet or more. Its direction is N 35** W and the general 
trend of the other verticals is about N 45° W. The walls are 
illy defined, lateral enrichments sometimes occur and the ore 
when not brecciated is scarcely different in appearance from the 
lean or barren limestone enclosing the ore body. The ore is usu- 
ally slightly darker, however, and is harder owing to the presence 
of the silica. Professor Smith gives the following analysis of 
Dacy ore:* 

per cent 

Moisture o, 1 to 

Volatile matter o 802 

Silica 90990 

Alumina. 2.970 

Ferroua unde 3-024 

Calcium oxide 1-138 

Magnesium oxide trace 

Tellurium 39.26 oz per ton 

Gold 17 34 oz per ton ■ 

Silver 1.21 oz per ton 

Total 99-034 
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A few miles north of Ragged Top mouatain on the Cleopatra 
property a small vertical has been found in the limestone, ap- 
parently similar in every way to those found on the Dacy flat. 
This has not been exploited. 

The Ulster mine situated a little to the east of the Dacy flat 
proper shows a diSerent occurrence of the ore, the oigin, how- 
ever, being evidently much the same as those of the Dacy type. 
I quote Mr. Irving concerning the nature of this deposit: "Id 
the Ulster mine the ore occurs in contact zones, between the 
limestone and a very irregularly intruded mass of porphyry. 
This is cut by a dike qf dense green phonolite, and the ore seems 
to have resulted from the silicification of brecciated' limestone 
which has been fractured bv the intrusion of Twin Peaks and 
other porphyry bodies in the Cambrian below. Hrilliant purple 
fluorite occurs in great quantities. The ore is irregularly dis- 
tributed. It may thin to a mere streak, and again open out to a 
very large and thick mass The values obtained are very high, 
mnning frequently up to $15:^ per ton, and in one instance $i,oco 
per ton. "* 

The total , output of the verticals north of Ragged Top in- 
cluding the Ulster has been estimated at $250,000. The princi- 
pal produers have been the Dacy. the Balmoral, the Ulster, the 
RaggedTop.the Sterner, the Little Budand the Doyle. No stat- 
istics are at hand giving the production of the verticals further 
south. 

After active work upon th6 verticals had ceased the discovery 
was made that the massive limestone itself is sometimes impreg- 
nated over considerable areas with an encouraging percentage of 
gold. In several places, particularly to the south and southwest 
of Ragged Top mountain, it has been learned that with metal- 
lurgical processes now available this impregnated material can 
be treated at a profit. The pioneer company in the develop- 
ment of this sort of ore is the Spearfish Gold Mining and Reduc- 
tion Company, their property lying on the high limestone flat 
between Ragged Top mountain and Spearfish canyon. A two 
hundred fifty ton cyanide plant, built by the company in 1899 
continued in successful operation until its destruction by fire in 
October, 1901. During the past summer the Deadwood Stand- 
ard Mining Company erected a cyanide plant immediately south 

•A Contribution to the Geology of the Northern Black Hills, N. Y. Acad. 
ScL Annals, 1899, VoL XII. No. 9,. pp. 313 and 314. 
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oi the Spearfish company's property, the ore on the two proper- 
ties being practically identical. Other plants are now in process 
of erection. 

The ore is in close association with intrusions of trachytoid 
phonolite, the origin of the ore being due to the presence of the 
igneous rock. A shallow shaft on the Spearfish property cuts 
through six feet of phonolite with ore above and below, while in 
a tunnel on the same property the roof is phonolite, the ore lying 
immediately beneath. 




F gu e 3 — Ho n a ae on h w ng mp egoa on of sandstone a ong 



The ore looks much I ke ordinary gray limestone weathered 
to a rather soft and porou condition and containing iron oxide 
and silica. The gold content is not high but the ore is easily 
mined and cheaply treated, hence may be worked with consider- 
able profit. On the Spearfish ground where the ore body is 
most extensively exploited the ore under favorable conditions of 
weather is simply blasted out in large open pits. Tunnels for 
underground winter work have been made, but they nowhere 
extend far beneath the surface. lu the neighboring properties 
similar conditions of mining and treatment prevail. 

One feature of interest in connection with the ore, but which 
has not received careful study is the apparent occurrence of the 



^.otujlc 



so THE MINERAL WEALTH OF THE BLACK HILLS. 

values along well-developed or incipient joint planes. The ore 
demands much less crushing than is generally the case with the 
more highly siliceous ores, particularly the Cambrian quartzite 
ores. In some of the Yellow Creek mines, however, coarse 
crushing is sufficient for quartzite and it is possible that in such 
instances the gold content is also distributed along the illy di^ 
closed joint planes. This condition of distribution is beautifully 
shown on an enlarged scale in one part of the Cleopatra mine, as 
illustrated in iigure 3, where the quartzite joint blocks are im- 
pregnated with gold chiefly along the joint planes. 

The origin of the Carboniferous gold ores is practically the 
same as that of the Cambrian ores. Siliceous solutions carrying 
gold have removed original calcite leaving silica instead, the ex- 
change taking place subsequent to the intrusion of the igneous 
rocks in post- Cretaceous time. The ore bodies are vertical on 
the Dacyflat, irregular in the Ulster, and approximately horizon- 
tal in the locality west and southwest of Ragged Top. The in- 
trusions have affected the country rock differentlyin the different 
localities and the various positions and shapes of the ore masses 
are simply due to the form and direction of the particular fissure 
through which the solutions reached the limestone. 
PLACER DEPOSITS. * 

Placer gold is found in the gravel bars of all of the present 
stre ims and in the various terraces which line their valleys. Few 
of these deposits have failed to yield gold in paying quantity and 
many have produced handsomely French and Castle creeks 
were first successfully prospected, but Rapid creek, Battle creek, 
Whitewood gulch, Spearfish creek, and their tributaries followed 
quickly thereafter. The richer deposits of all the streams are 
now either practically exhausted or are in such position with 
reference to water supply that they can no longer be worked ex- 
tensively with profit. Large bars on bedrock in some of the 
creeks where water is abundant but where the gold content is 
low, are receiving some attention With improved appliances 
and wise methods these may yet yield considerable profit. 

Most of the placer gold during the height of the placer min- 
ing activity was obtained by the simple methods of panning, 
rocking, and ordinary sluicing". Sluicingwascarriedon wherever 
possible, but in many of the gulches flowing water was available 
in quantity only during the early part of the year, while the melt- 
ing snows and the spring rains were contributing to the volume 
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of the streams. For this reason the light rocker, easily carried 
or wheeled from one reservoir or pool of water to another, was 
often utilized. The Rockerville mining camp was especially 
noted for the large number of these rockers, hence the name of 
the camp as well as the name of the gulch on which the camp 
was located. Here by this simple method during the years 
1877-79 gold to the amount of approximately one half million 
dollars was obtained. Even at the present time the rocker may 
be seen occasionally in use on this gulch, where f-iir wages may 
be obtained by the careful workman, although hampered by the 
necessity of bringing the gravel from the pit to the waters edge 
by tneans of a wheelbarrow. 

Ill general the sluicing was of the most economical nature. 
Shall -w ditches and temporary flumes were made by the individ- 
ual claim owner or by the combined energies of the several own- 
ers of adjoining claims and the gold separated by the water thus 
obtained. 

In at least three instances hydraulic mining was attempted, 
namely, at Rockerville, near Pactola, and along Battle creek. 
The Rockerville enterprise, perhaps the most extensive of the 
three, consisted in the building of a seventeen mile box flume 
from a reservoir on Spring creek two miles above Sheridan along 
a winding and difficult mountain course to the high "dry dig- 
gings" near Rockerville which extend as much as four hundred 
fifty feet above the bed of Spring creek one and one-half miles to 
the north where that stream approaches nearest the deposits. 
The flume, built by the Black Hills Placer Mining Company, was 
begun in 1S78 and was completed two years later at a cost of 
$210,000. Operations were carried on for about two years and 
approximately $500,000 in gold obtained Litigation then sus- 
pended operations and the flume was abandoned. About the 
year 1880 the Estrella del Norte Company constructed flumes 
aggregating several miles in length above and below Pactola on 
Rapid creek where work was prosecuted for several years with 
indifferent success. The third effort was made by the Hamey 
Hydraulic Gold Mining Company in 1883. In the attempt to se- 
cure sufficient water both Grizzly gulch and Battle creek were 
tapped, the flumes uniting at the mouth of Grizzly gulch and ex- 
tending as one flume down Battle creek to Mitchell's bar below 
the present site of Keystone. Some gold was obtained but this 
enterprise like the two others was soon abandoned without reap- 
ing the return hoped for. 
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The most noted placer localities were those of Deadwood. 
Nigger Hill and Rockerville. The Deadwood area, plate 14, in- 
cluded the following important gulches: Deadwood (sometimes 
kqownas the great bonanza gulch of the Hills), Whitewood, Gold 
Run, Blacktail and Bobtail. In the Nigger Hill district the 
principal placer staeams were: Bear gulch, Potato gulch. Nig- 
ger gulch, Sand creek. Poplar gulch, and Mallory gulch The 
Rockerville area was made up chiefly of a high terrace several 
square miles in exteat, together with the various small gulches 
leading oft from the terrace. The rich nature of the Deadwood 
placers was discovered in November, 1875, at which time Dis- 
covery claim was located by William Lardner and others on 
Deadwood gulch a little below the mouth of Blacktail gulch. 
The Nigger Hill deposits were discovered a few weeks earlier 
than those of the Deadwood locality, while the Rockerville gold 
was not found until more than a year later. Many other locali- 
ties, although not producing so largely as those given, have 

.nevertheless added greatlv to the total output. 

Some streams of considerable importance lie [nostly within 
areas covered by stratified rocks and have had little opportunity 

:to collect and concentrate gold Box Elder creek and Elk creek. 

■.as well as most of the streams south of French creek, are of this 

■class. Concerning the French creek placers, ' over which there 
has been much disappointment. Prof. Jenney savs, "1 regard the 
poverty of the French creek deposits, compared with those after- 
ward discovered on the streams farther north, to be due to a de- 

^ficiency in the source of supply, owing to the small area drained 
by the stream, the small amount of denudation to which the 
ledges in this area have been subjected, and to a want of suffi- 

■cient grade in the valley to cause a concentration of the gold into 
a pay channel. Had all the gold diffused through the valley of 
French creek been concentrated into a narrow lead or pay chan- 
nel, it would have made claims as rich as the most enthusiastic 
miner would have desired."* 

The high valleys of French creek and Battle creek lie among 

■granites and schists chiefly, while the streams farther north 
traverse areas made up mostly of shales, quartzites and late 
eruptives, the main trend of the streams in nearly all cases being 
across the general strike of the upturned rocks. The character 
of the rocks has much to do wit h the nature of the stream valleys 

•Report on the Geology and Resources o( the Black fiilU of Dakota 
with Atlas, 1880, p. 238. 
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and therefore of the gold coacentration. The schists give way 
to broad valleys and parks checked here aad there by peaks and 
ridges of harder rocks, while the quartzites and siliceous slates 
by their greater resistance to weathering action present steep 
slopes and precipitous canyons along the bottoms of which the 
energetic streams must thread their way. 

Of all of the streams Rapid creek leads in the areal extent 
of its placer deposits. For forty miles these deposits line its 
course and range in successive steps from the creek bed to vari- 
ous heights above. Much of the gold is in fine particles, particu- 
larly below the union of Castle and Little Rapid creeks, aad 
much of the placer material is made up of heavy boulders so that 
it is not easy to secure the values. 

The gold lies chiefly upon or near the bedrock, although 
occasional streaks of value are found higher in the deposits, the 
deposits being made up of a heterogeneous mixture of sand, 
pebbles, boulders, clay, etcetera, collected from the surround- 
ing country rocks. 

The gold from the various streams differs sHghtly in color 
and other physical characters and in chemical composition, but 
in all cases a high percentage of purity is shown. The following 
analyses indicate this fact: 

Gold Silver Base Metal 

Spring creek*., 937.8 45 g 16.3 

Spring creek* 946.4 5a4 3.B 

Spring creek** 934. 49. 16. 

French creek** 933. 55. 12 

Rapid creek** 940. 60. — 

Deadwood gulch** 907. 93. — 

Castle creek and Battle creek have yielded considerable 
coarse gold as have also the many streams of the northern Hills, 
particularly those of the Nigger Hill district. The following 
record of the largest Black Hills nuggets has been collected with 
care and although incomplete is believed to be correct so far as 
given: Nugget on Discovery claim. Bear gulch, found in 1875 
by Portigee Frank, value $18; nugget on Montana oar near 
Sheridan. 1875, name of finder unknown, value, $23; nugget on 
claim No. 32, Bear gulch, 1876. by John McTigue, value $51; 
nugget on claim No. 28. Potato creek, 1876, by Frank Manty, 
value $146; nugget on claim No. 23, Bear gulch, 1877, by E. St. 

*Jennoy, W. P. Report on the Geology and Resources of the Black Hille, 
1880, pp. 249^50. 

•*Scott, Samuel, Map of the Black Hills, Custer, i8g7, p. 6. 
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John, value $57; nugget oa claim No. 31, Bear gulch, 1S77, by 
K, St. John, value $56; nugget on claim No. 12, Potato creek, 
1877, by Frank Manty, value $90; nugget on Mallory gulch, 1878, 
by John Majors, value $81; nugget on Centennial gulch, 1878, by 
Peter Thorson, value $120; nugget the largest ever found in the 
Black Hills) on Claim No. 37, Bear gulch, 1879, by "Doc" Wing, 
value $465; nugget on Claim No. 16, Bear gulch, 1879, by David 
Gillespie, value $54; nugget on Sand creek, 1881, by William 
Bell, value $78; nugget on Claim No. 12, Bear gulch, 1882, by £. 
St. John, value $51; nugget on Mallory gulch, 1883, by M. R. 
Hydliff, value $117; nugget on Claim No, 5, Bear gulch, 1887, by 
James McCoun, value $53; nugget on Ruby gulch, 1890, by 
Samuel Moll, value $27; nugget on Sand creek, 1891, by M. R. 
Hydliff, value $63; nugget ou Poplar gulch near the Inter Ocean 
mine, 1893, bv Messrs. Heavirlan and Mulheisen value $57; 
nugget on Lightning creek. 1S99, by L^e and Charles Carr, value 
$43. Most of these nuggets were well rounded pebbles of gold 
almost or quite free from extraneous matter. The $465 and the 
$117 nuggets were exceptions, a considerable part of their vol- 
umes being taken up by quartz. 

Associated with the gold in the placers are garnets, hematite 
and limonite pebbles, coiumbite, tautalite, cassiterite and other 
less noticeable minerals. The garnets are abundant in most of 
the streams, particularly in those of the central and sotitheni 
Hills. Coiumbite and tantalite are not uncommon in the Har- 
ney Peak region and are abundant in the Nigger Hill district 
Cassiterite occurs in pretty much the same streams as the coi- 
umbite and tantalite, it being found in such abundance in the 
Nigger Hills gulches as to have furnished considerable annoyance 
to the miners before its nature was learned. It is now a source 
of not a little profit. Platinum, although diligently searched 
for, appears not to have been found. Professor Carpenter men- 
tions the finding of remains of the ina.mmot\i,£/epAas primigeni- 
ous, and recently a well-worn tooth found near Hayward was 
presented to the State School of Mines.! 
TAILINGS. 

It is well known that in the various processes for treating 
ores more or less of the values fail of extraction. Occasionally 
in the past this has been a matter of consequence, bat within 
recent years careful study of the metallurgical needs of the vari- 
ous ores has greatly lessened this loss. 
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During the past two years a small cyanide plant has suc- 
cessfully treated the tailings of the now dismantled Rapid City 
cblorination works and at the present time a small plant is 
treating the silver-bearing tailings from the old Iron Hill works 
near Carbonate. 

Attention has also been directed to the vast quantities of 
tailings from the Homestake mills scattered along the bed of * 
Whitewood creek for a distance of several miles below Lead. 
Previous to the installation of the great cyanide plant near the 
mills much of the concentrates were saved and smelted, but con- 
siderable values escaped into the creek. This material has been 
more or less concentrated by the ordinary stream action, but in 
a few instances special effort hae been exerted to collect it in 
localities favorable fer future operations. Plate 17 gives a view 
of a large body of these tailings collected at Pluma, between 
Lead and Deadwood. During the past summer four small 
cyanide plants have treated these tailings in as many different 
places on Whitewood creek. 

METHODS OF TREATMENT. 

The gold ores of the Black Hills as indicated on the previous 
pages are free-milling, partly free-milling and refractory. 

The treatment of the free-milling ores present few difficul- 
ties, the ordinary amalgamating stamp mills securing the values 
in a highly satisfactory manner. The refractory ores are more 
complicated. Other things besides the refractory nature of the 
ores, such as richness, conveniences for shipping, competitive 
prices for treatment, etcetera enter into the selection of the 
method to be adopted. 

At the present time two methods of treatment prevail, 
natnely, smeltingandcyaniding Cblorination processes entered 
into the earlier treaement, large plants having been erected at 
Pluma, Rapid City and Deadwood. None of these are in opera- 
tion. 

For more than ten years the Golden Reward smelter, 
formerly known as the Deadwood and Delaware smelter, of 
Deadwood has been successfully treating large quantities of 
medium and high grade siliceous ores, chiefly from the Bald 
Mountain Ruby-Basin region. In addition to this smelter in 
Deadwood another large one with extensive modern improve- 
ments is now building in Rapid City. 

Recently much interest has been shown in the development 



/.oo^^lc 



56 THE MINERAL WEALTH OF THE BLACK HILLS. 

of the cyanide process, the low grade oxidized siHceous ores 
readily yielding their values by this method 

At the close of the year 1901 six cyanide plants were in suc- 
cesssful operation on various ores, the largest being the Home- 
stake tailings plant with a capacity of thirteen hundred tons 
daily. Eight other plants were completed but of these two had 
been destroyed by fire, one was dismintled and five were in- 
active. Six other plants are now in course of erection. 

The partly free-milling ores combine the methods of treat- 
meat of the free-milhng and the refractory ores. Such of the 
values as are free are extracted by amalgamatioii and the con- 
centrates are sent to the smelter. 

Individual ores present their peculiar difficulties and the de- 
tails of treatment in each plant vary in many ways, but it is no 
purpose of this paper to enter into a description of the various 
methods. Most of the literature on the subject is readily acces- 
sible to those interested. 

OUTPUT. 

In a short paper entitled 'The Production of Gold in the 
Black Hills." published in The Aurum,Vol. i. No. i. Rapid City, 
South Dakota, I have considered the merits of various estimates 
of the output of gold from the Black Hills. Without entering 



here into the details of that paper, 
of all available sources of informal 
statistics expressed in round numbei 
fair accuracy the annual gold output: 
■875 t 10,00 



. 3.300,0 
■ 3.200,0 

- 3.300,0 

- 3,200,0 



may be said that in the light 
ion the following series of 
s appears to represent with 



. 3.700 000 

. . 4,OOOA>00 

. . 3,900,600 

3900,000 

.. 5,000,000 

. 5,700,000 

. 5,TOO,000 



Total f 100,210.000 

FUTURE PROSPECTS. 
The annual gold production of the Hills, as indicated in the 
above table, has increased almost steadily for a number of years. 
In the earliest history of the Hills placer deposits furnished the ' 
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chief output, and were practically exhausted before the cement 
ores became of importance. The cement ores in turn declined 
almost coincidently with the rising influence of the Homestake 
belt. The Homestake belt continued for several years the only 
extensive producer, the quartz vein and other mines generally 
showing little disturbance of the annual output. 

With the discovery of successful metallurgical processes by 
which the values in the sihceous ores could be saved, a new and 
important factor in the gold production was introduced The 
tendency has been to continually lessen the cost of treatment of 
th^ siliceous ores, so that low r grades of ore could be utilized. 
Thus it has happened that the siliceous ore mines now rival the 
Homestake in output, even though the latter has greatly enliirged 
its wi-'rking equipment. As a .:onsequence two constantly grow- 
ing factcffs are at present aiding each other in swelling the pro- 
duction, while never before has there been so great activity in the 
mines not classed with the siliceous ore and the Homestake 
mines. 

Individuals or companies w.th sufficient means to properly 
prospect for ore bodies, and influenced by intelligent study of 
geological conditions, are constantly disclosing abundant values 
in localities formerly supposed to be barren, indeed it may be 
said that new ore bodies of low and high grade are revealing 
themselves as rapidly now as at any time in the history of the re- 
gion, and there is every reason to believe that for many years to 
come the annual output of gold will continue enhancing in value 



The first prospectors in the Black Hills noted the presence of 
copped and a few claims were early located. Among the earliest 
of these were the Blue Lead, (pronounced leed) one mile east of 
Sheridan, the first county seat of Pennington county, and the 
Black Hills Copper Company's property, six miles west of Roch- 
ford, also in Pennington county. For many years little more 
than assessment work was done on any of the properties located, 
and although considerable interest has centered around some of 
the claims, none were exploited sufficiently to establish their 
value. 

The constant demand for copper ore at the local smelters for 
Dse in the reduction of the refractory gold ores, and the enhanced 
value of the metal during the past two or three years, has 
greatly heightened the interest in the copper possibilities of the 
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Hills. Many new claims have been located, abandoned claims 
have been relocated and worked with greater energy, and in a 
few places many thousands of dollars have been spent in the 
eSort to hnd deposits of positive value. 

The deposits, in so far as surface conditions seem to indicate 
them, are numerous, extensive and weH distributed, but as yet 
none have become steadily productive. Some study has been 
made of their relative positions, and while the properties located 
are commonly spoken of as being roughly arranged along two 
north and south belts, one near the central portion of the meta- 
morphic area and the other near its western edge it is doubtful 
if this relationship is an important or even a real one. Begin- 
ning with the Blue Lead, near Sheridan on Spring creek, and 
going northward we find near Pactola on Rapid creek the 
Poisoned Ox, the Copper Reef and the Copper Glance. On 
the county line near the head waters of Bogus Jim creek is the 
Rio Tinto. Further north, one-half mile southeast of Nemo on 
the Box Elder, is the Holy Fright, and three miles northwest of 
this is the Coppsr Castle. The line then gradually deflecting 
more to the west, crossing Elk creek near Elk Creek station, 
crosses Windy Flats north of Perry, then by rather obscure out- 
oroppings reaches Deadwood within the city limits of which con- 
siderable exploratory work has been done. Occasional prospects 
are reported extending from Deadwood southeastward to the 
county line near which are grouped the Copper Cliff, the British 
American and the Black Hills. These lie near the south fork of 
Rapid creek, northwest and west of Rochford. Southward two 
or three miles is the Reynolds property, and still further south 
the Palmer property. West of Hill City is the MastiS and be- 
yond this southward are the Truax and the Vigilante. ■ Other 
prospects of more or less interest lie along the lines indicated, 
while some have been found having no apparent relation to these 
lines. 

Practically all of these properties carry a copper stained 
gossan, some of them showing in great quantity and not infre- 
quently with a considerable amount of copper. In sinking 
through this gossan a leached material known as "ash" is 
reached. This is a soft black decomposed slate quite free from 
minerals of value. 

Thus far no one has gone through this ash, but the Black 
Hills Copper Company is now working to this end, their inclined 
do»Ue compartment shaft of eight hundred feet having pene- 
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trated beneath the sorface to a perpendicular depth of more 
than 400 feet. At the Blue Lead a tunnel cutting below the 
surface outcroppings a perpendicular distance of more than six 
hundred feet has penetrated the unchanged or only slightly 
changed slates, charged with iron and copper pyrites. Thus, 
notwithstanding the great amount of work done, the lower limit 
of the ash is not yet reached, and the conditions in the zone be- 
tween the ash and the sulphides remain to be learned. 

The Black Hills copper deposits are frequently compared 
with the Ducktown, Tennessee, deposits, and with apparently 
much reason. The country rock is mach the si me in general 
character, the structure is not greatly different, the general dip 
of the veins approximately the same, the gossan or iron hat in 
each' instance well developed, the leached and decomposed slates 
equally prominent, and the sulphides below contain more or less 
copper. Nickel is said to be present in the Black Hills. The 
chief similarity to be yet established, if such similarity exists, is 
in the intermediate zone not yet penetrated in the Black Hills, 
but which being the horizon at which were found the valuable 
enrichments of sulphide the Ducktown deposits holds, perhaps, 
the key tothe successful development of the Black Hills deposits. 
That such enrichments exist here is quite possible, and the in- 
dications are that they may be found. 

Mr W. H. Weed, of the United States Geological Survey, 
has recently set forth in a very clear manner the general condi- 
tions governing the enrichment of mineral veins by later metallic 
sulphides, and while not including references to the Black Hills 
deposits, the evident application to this region of many of- the 
facts presented by him, makes his paper one of particular value 
at the present time to those interested in the development of 
Black Hills copper properties He indicates how the leaching 
of a relatively lean primary ore, commonly by surface or 
descending waters; but occasionally by deep-seated waters, will 
supply the material in solution for such enrichment; how the un- 
altered sulphides, especially pyrite, will induce precipitation; 
how the material precipitated is crystalline; how a number of 
mineral species are commonly formed, and are now forming m 
veins by such reactions; and how such min.erals deposited in 
quantity may form ore bodies of considerable size Cbananzas) or 
may be disseminated through the lean primary ore in stringsand 
patches, thus enriching the ore body as a whole and even mak- 
ing a former low grade body of sufficient value to work. Coa- 
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ceming the chemical reactions involved in the leaching of the 
gossan zone he says, "Surface waters descending through the 
relatively porous and open textured gossan of a vein, are nor- 
mally oxidizing, and on passing downward usually attack the 
unaltered sulphides and deepen and extend the zone of the gos- 
san. As the waters descend they are robbed of their oxygen by 
the sulphides which they decompose, and percolating further 
downward, the waters which at first were strongly oxidizing in 
character, are now charged with various salts, and frequently 
with free sulphuric acid. They are still descending waters of 
surface origin, but have lost all the characters commonly ascribed 
to surface waters. This change is, of course, due to the reac- 
tions involved in the changing of the vein minerals to gossan. 
The common metallic sulphides of veins are pyrite, pyrrhotite, 
chalcopyrite, tetrahedrite, enargite, bornite, galena (with which 
quartz is most commonly associated as a gangue mineral) and a 
little less commonly calcite and other carbonates, and b irite, et 
cetera. The changes by which this mixture is converted into a 
mass of porous, more or less pure limonite are briefly as follows: 
The pyrite alters to a mixture of iron sulphates and sulphuric 
acid, which, reacting on more pyrite, eventually forms a mixture 
of hydrated oxides (limonite ores). The reactions commonly 
assumed are as follows : 

1. Fe S^ -K)^ + Hj 0= Fe^ S+H^ SO^ 

2. Fe S + H^ SO = Fe SO^ + H^ S 

3. Fe S^ +O2 + 2H2 S = FeS + 2H^ O -f- SS 

4. S-hO^ -\-H^ O = H^ SO^ 

5. 2 Fe SO^ + O -H H^ SO^ = Fe^ (S04)^ +11^ O 

6. Fe S + Fe, (SO4), = ^Fe SO^ -f-S 

33 4 

Pyrrhotite, if present, is attacked as in the second equation 
given. ♦ * * * Chalcopyrite being Cu2 S, Fe2 S3, the iron 
sulphide molecule yields more readily to attacking solutions of 
ferric sulphate ' which by hydrolysis are acid) than the cupric 
sulphide, and the iron is removed and CuZ S left as the amor- 
phous powder seen * * * * if tjjg amount of ferric sul- 
phate present is relatively small, copper oxide and carbonates 
will be formed in the lower part of the gossan and in cracks and 
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fissures in the underlying sulphide ores, be they original or sec- 
ondary."* 

The amount of copper ore thus far produced in the Black 
Hills is very small. On several properties where extensive 
work has been done, and from which few shipments have been 
made, the select ore heaps represent considerable value, but the 
chief object has been the exploitation of the properties rather 
than the immediate mining of ore. Occasional shipments are 
made for the purpose of testing the quality of the ore or to secure 
funds for defraying the running expenses of development work, 
the smelters willingly purchasing the material for fluxing pur- 
poses, but aside from this the ore has not been utilized. 
IRON 

Iron ore bodies of some apparent importance are found in 
various places within the Hills. Freight rates have prevented 
the extensive development of these ore bodies, and except in the 
case of two or three deposits almost nothing has been done 
toward learning their nature and extent. Small quantities of ore 
have Deen occasionally used for fluxing purposes by local smelt- 
ers, and in 1 893-94one hundred sixty-five cars of ore were shipped 
from Nahant to the smelters of Omaha and Kansas City. 

Hematite is abundant on Box Elder creek. Concerning 
these deposits Newton says: "On Box Elder creek a ridge some 
400 feet in height is composed of a vast deposit of siliceous hem- 
atite, which was estimated to be from 800 to 1000 feet in thick- 
ness across the upturned strata. Occasional bands of almost 
pure specular hematite several inches in thickness are found in 
the mass, with frequeut layers of highly crystallized micaceous 
hematite The body of the ferriferous strata, however, is highly 
siliciferous and entirely useless as an iron ore, consisting of thin 
strata an inch or less in thickness of specular hematite, alternat- 
ing with siliceous slate or with pure white quartz, in seams or 
irregular masses, the whole presenting a remarkable resemblance 
to the siliceous banded hematite of the Huronian of the Lake 
Superior region. In other localities on the same creek hematites 
were also found in the siliceous slates, but nowhere of any prac- 
tical value, because of their highly siliceous character. The 
slates associated with these iron deposits are commonly highly 
argillaceous as well as siliceous, as is indicated by their color, 
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texture and stroag clayey odor. Similar ferruginous slates occud 
also on the headwaters of Rapid creek, a short distance north of 
the Elkhorn prairie."* 

Since Newton's work in the Hills, certain deposits have been 
found on the Box Elder that are clamed to be fairly free from 
silica, and suitable for the production of iron. 

Ten miles west-northwest of Rapid City, near Hat mound, 
a body of compact red hematite has been exposed. A partial 
analysis of this ore gave Fe2 0,J, 82,05 per cent, and Si O2, 15.49 
per cent. The ore occurs in the form of a vein enclosed by slates 
and quartzites, and resembles closely the better grade of Lake 
Superior hard ores. Two varieties are observed. One is a very 
dense red ore. which breaks with smooth surfaces and with dis- 
tinct coQchoidal fracture. The other has a less pronounced red 
color, is slightly less compact and breaks with a more uneven 
surface. Little is knosyn of the extent of the deposit. The ex- 
posure is confined to a small rocky point near a small stream 
which runs northward into Bogus Jim creek about one mile above 
the point where the latter joins Box Elder creek. 

Another property that has attracted considerable attention 
is Iron Mountain, situated on the Pennington-Custer county line, 
four miles south of Keystone, the nearest railway station. The 
writer has not had opportunity to see this interesting deposit, 
but the following description has been obtained from Mr. Samuel 
Scott, of Custer. The ore is in close association with granite, 
slate and quartzite. The course of the vein is nearly northwest- 
southeast and can be traced for several miles. The ore which 
seems to be of value extends through a length of less than one 
mile. On the county line the width of the vein is seven hundred 
feet, but much of this is not good ore. A short distance south of 
the line it reaches its greatest width, nine hundred fifty feet. 
The material is hematite, limonite, "jasper ore," and red ochre. 
The following analyses of the hematite ore and the jasper ore 
were furnished by Mr. Scott, the exact chemical formulas not 
being indicated: 

Hematite ore. Jasper ore> 

Iron 55-40 60 43 

Silica 7,41 6.14 

PboephoruB 88 .34 

Manganese , 1.97 2.56 

AIumtQium 1,46 .36 

'Report on the Geology and Reeonrces of the Black Hills of Dakota, 
1880. pp 57 and 58. 
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Hematite ore Jasper ore 

Lime 1.21 ,95 

Copper 41 .TO 

Magnesium 47 .35 

Organic and volatile matter 3.12 2.07 

Moisture : 9.60 10,06 

The ore contains also gold and silver, A series of three 
hundred assays gave an average of $3.10 in gold and one-half 
ounce of silver per ton. 

It has been suggested that the iron may represent the gossan 
of a copper ledge. Much of the ore resembles gossan and con- 
siderable indications of copper have been found in the immediate 
vicinity bui exploratory work has not progressed sufficiently to 
give more than a conjectmre on this point. 

So far as has bern learned, with the exception of the ship- 
ment from Nahant already mentioned, little or no iron ore has 
been sent out 6f the Hills. Occasionally there is a demand for 
ochre, and recently thirty car loads of such material obtained 
near Rochford were ground at the Mineral Paint Works at 
Custer and seat to Aurora, Illinois there to be mixed with oil 
and prepared for market. 

MANGANESE. 

Manganese minerals are found widely distributed through 
the Hills. A few deposits have attracted attention and effort 
has been made to prove their economic value The chief 
occurrences are in the Atgonkian in Pennington and Custer 
counties, in the lowest thin beds of the Carboniferous near Red- 
fern, and in the Minnelusa sandstone near Argyle. Careful 
analyses of samples are not available and little can be given by 
way of description of deposits. The most extensive exposure 
seems to be at Argyle. The manganese minerals, chiefly pyrolu- 
site, are disseminated through a thirty-five foot sandstone 
stratum which is well exposed in a cut at this place made by a 
tributary of Red Canyon creek, the minerals being in places con- 
centrated into compact layers or bunches several feet in thick- 
ness. Light shipments have been made from one or two locali- 
ties, but it seems that none of the material has fully met the re- 
quirements and so far as can be learned little development work 
is now being done. 

SILVER AND LEAD. 

With the exception of the small but fairly regular amount 
of silver obtained from gold bullion silver is closely associated in 
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the Black Hills with lead. Argentiferous galeoa ores are found 
io the Galena district southeast of Deadwood, in the Carbonate 
district northwest of Deadwood and at Spokane, live miles south- 
east of Keystone. Galena is occasionally found elsewhere, par- 
ticularly in the vicinity of Hayward and of Silver City, but 
apparently little or no contribution to the output of the galena 
ores has been made from other localities than the three men- 
tioned. Cerargyrite, silver chloride, is abundant at Carbonate, 
particularly in the Iron Hill mine. It is also found in the Trojan 
and other mines near Portland. Cerussite, lead carbonate, 
occurs in quantity both at Carbonate and at Galena. 

The eailicst developments worthy of note were made at 
Galena, wherein 1881 a smeiier and a chloridizing plant were 
erected These were in operation more or less continuously 
until 1891, the chief production being during the years 1881-84. 

1. 1 1 886 silver-lead o»es were found near Carbonate, the dis- 
covery of lead-carbonate on the West Virginia claim giving the 
camp its name. Large bodies of rich cerargyrite, galena, and 
cerussite were disclosed in the Iron Hill mine, and for two years 
or more this mine was the dominating factor in the Black Hills 
silver production. A smelter and a chloridizing plant were 
erected, but after 1 run of about two years they closed down and 
all operations ceased. During the period of activity much good 
ore escaped over tne dump, and effort is being made at the 
present time to recover this material. 

The Spokane mine produced considerable lead and silver 
during the years 1898-1900: The mine is now idle. 

The character of the ore bodies in the various localities 
differs widely. They occur in the Algonkian in veins, in the 
Cambrian as shoots, and in the Carboniferous as contact de- 
posits, the latter two graduating more or less into each other. 

The ores at Spokane, at Silver City, and near Hayward are 
in fairly well defined quartz veins in the schists and slates. Much 
of the galena is coarsely crystalline, although at Silver City a 
cryptocrystalline variety is found. At the latter place antimony 
is not an uncommon associate, the mineral jamesonite, 2PbS. 
Sb2S3 occurring in some of the deposits. 

At the Iron Hill mine the ore bodies occupy a nearly vertical 
position along a porphyry dike where it cuts through the massive 
limestone. Only the briefest descriptions of the mine are found in 
the literature, and as it is now nearly filled with water few details 
can be given. Well defined faulting is said to have been ob- 
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served and this has apparently taken place subsequent to the 
deposition ef the ore. The ore. which has a peculiar jaspery 
appearance, due to the large amount of limonite present, is 
locally known as "liver colored rock." The jaspery nature of . 
the ore is not distinctive, however, since much of the compara- 
tively barren rock presents a similar appearance. Occasionally 
the ore is distinctly granular and retains apparently more of the 
original nature of the limestone of which the ore is animpregna- 
tion. 

The deposits in the vicinity of Galena are within the Cam- 
brian and are found both upon the lower quart zite and in the 
higher shales. Th« lower contact oies consist of hematite and 
iron carbonate, together with small quantitiesof lead and galena 
carrying gold aud silver, the ^old predominating where the ores 
carry any considerable values. The ores in the higher shales 
are found at various horizons These have been the chief source 
of the ore in the district. Like the ores of the lower contact 
they consist of iron oxides with -iome carbonates of iron and 
lead, jut in plicsi irh:ri tfi: best ore bodies have been discov- 
ered large amounts of. galena have occurrel, Unhke the lower 
contact deposits these ores contain nearly their entire value of 
precious metals in silver, there being rarely more than mere 
traces of gold. * 

The ores, like the Iron Hill contact ores, are impregna- 
tions due to secretions from water which has gained access to 
the easily replaceable calcareous materials through numerous 
vertical cracks or fissures produced by the intrusion of the post 
Cretaceous igneous rocks, their origin being similar to that of the 
-siliceous gold ores described elsewhere in this paper. 

Almost no definite statistics are at hand concerning the out- 
put of lead from the Hills. The following table in round num- 
bers of the annual output of silver, follows fairly closely the sta- 
tistics as given by the Mineral Industry and by the Director of 
the Mint. The figures are evidently defective in detail, partic»- 
larly in the early eighties, but the table as a whole is believed to 
be as nearly correct as it is possible to make it with the data at 
band: 

1879 ^ t to,ooo 1891 f 139,0*0 

1880. 71,000 1892. 100,000 

1881 70,000 1893. 183,000 



■Barrell, R. W. Bear Butte Mineral Fomtation. Black Hills liimmg 
Review, Jtuie iS, 1900, p. 7. 
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1887. .. 540.01^ 1899. .. 209,000 

iSSS - . 100,000 iQoo. . r29,ooo 

1889. 135,000 19*1 140,000 

1890. . 139,000 

Total ^4,151,000 

TIN. 

Cassiterite was first identiBed in the Black Hills in 1876, by 
Mr. Richard Pearce, of Denver, Colorado, who detected it as 
stream tin in gold dust from the northern Hills. The second 
discovery was made on Elk gulch, in the southern Hills, in April, 
1877 The material from the latter place was assayed by Theo- 
dore Vosburg. but the true nature ot the bullion was first recog- 
nized by Mr. Fred J Cross.* 

These discoveries seem not to have aroused any special 
interest, and it was not until 1883 that the mineral attracted par- 
ticular attention. In June of that year Major A. J. Simmons, of 
Rapid City, sent to General Gashwiler, of San Francisco, s;peci- 
mens of a heavy, dark colored mineral from the Etta mine, which 
upon examination proved to be cassiterite of excellent qualiti.t 

At the time of the discovery of the cassiterite, the Etta mine 
was being exploited for mica, but this work quickly ceased and 
the property in 1884 coming into the possession of the Harney 
Peak Tin Mining, Milling and Manufacturing Company, became 
one of the chief centers of interest in the search for tin ore. 

During this period of activity in prospecting, a vast sum of 
money was spent by various companies, chief among which was 
the Harney Peak Company already mentioned. Hundreds of 
mining claims were purchased, considerable exploratory work 
was done and several mills were erected. A few thousand 
pounds of metallic tin were produced, but desired results failed 
to appear, litigation ensued and- operations ceased. Various 
causes have been assigned for the failure to realize better returns 
for the vast amount of money spent, many mining men contend- 
ing that the tin is present in places in sufficient quantity to be 
worked with profit. The deposits possess much of scientific 

*Hea.ddeD, William P. Notes on the Discovery and Occurrence of Tin 
Ore Ln the Black Hills. S. D., CoL Sci. Soc. Proc, Vol 111., Ft. Ill, pp. 
147-350. 

fBlake, W. P. Tin. Min. Res. of the United States, 1883-84, U. S. 
G, S., p. 6oz. 
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interest, and in view of their possible future value, the following 
brief description is given: 

The cassiterite is found in place and as stream tin in two 
districts, namely the Harney Pe;ik district in Pennington and 
Custer counties, and the Nigger Hill district in the northwest- 
ern part of the Hills, near the Wyoming-South Dakota line. The 
rock containing the cassiterite in place is an extremely coarse 
granite, known as pegmatite, the pegmatite occurring in the 
form of dikes. These dikes cut the country rock in every direc- 
tion, although generally in accurate or approximate conformity 
with the schistosity when occurring in metamorphic rocks. They 
range in size up to many yards in width and hundreds of yards ia 
length When cutting through the country granite, the dikes 
ge leratly show a depression, due to the more rapid weathering 
of the pegmatite, but in areas of schistose rocks its relative rate 
of weatheiing is usually slower than the enclosing rocks, hence 
is often seen in such places as a projecting mass, which not in- 
frequently can be traced for considerable distances by the topog- 
raphy alone. 

The tin occurs almost only in the form of cassiterite, Sn02. 
Cupro-cassiterite occurs at the Etta, stannite has been identified, 
and a peculiar hydrous oxide is occasionally found, but these aside 
, from their scientific interest are of no value. The cassiterite is 
found a.s a constituent mineral of the pegmatite, in crystals or 
masses of all sizes up to many pounds weight. Some of the 
heavier masses at the Etta weighed fifty or sixty pounds, and 
lumps of three or four pounds were common.* 

Many claims afford crystals weighing several ounces, and in 
some localities specimens suitable for gems have been found, but 
most of the material in all of the mines comes in finer particles. 
The mineral occurs chiefly in a feldspar-muscovite aggregate but 
is occasionally found in a quartz-muscovite aggregate or in quart2 
alone. The following mineral associates are listed as havii^ 
been found: 

Albite oligoclase. Loellingite, 

Almandite, Melanite, 

Andalusite, Microcline. 

Apatite, Molybdenite, 

Arsenopyrite, Monazite, 
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Autunite, Muscovite, 

Barite, Ollvenite, 

Beryl, Orthoclase, 

Biotite, Petalite, 

Bismuth, Quartz, 

Colurabite, Rutile, 

CoruDdum, Scheelite, 

Cupro-cassit erite, Scorodite, 

Epidote, Sphene, 

Galena,. , Spinel, 

Graphite, Spodumene, 

Griphite, ' Stannite, 

Grossularite, Taiitalite, 

Heterosite, Tourmaline, 

llmenite, Triphylite, 

Lcpidolite, Triplite, 

Leucopyrit e. Wolframite, 

Liebnerite, Zircon. 

A few of these minerals deserve special mention. Spodu- 
mene occurs in extremely large crystals, and being of some eco- 
nomic importance on account of its lithii content, receives a 
more extended notice elsewhere in this paper. The beryl, the 
tourmaline, ^nd the columbite are also noteworthy. Beryls one 
foot or m >re in length are not uncommon, and one crystal was 
found which measured fourteen inches in diameter. Tourmaline 
is particularly abundant, occurring in well defined crystals and in 
the massive state, the crystals being sometimes six inches or more 
in diameter. The columbite is found less widely distributed, but 
well developed, and in the BoblngersoU mine one mass obtained, 
said to be the largest columbite crystal known to mineralogical 
science, weighed approximately one ton.* Cupro-cassiterite and 
the variety of triplite known as griphite are found only in the 
Black Hills, the first mineral having been described by Mr, Titus 
Ulke,t and the second by Profrssor W. P. HeaddenJ 

The cassiterite runs high in metallic tin, as indicated by the 
following analyse3:§ 

*Blake, William P. Columbite iu the Black Hills of Dakota. Am. 
J(Mi Sci. 3d aer.. Vol. XXVIII , pp 340 341. 

tUlke, Titus. A New Tin Mineral in the Black Hills. Am. Inst Min. 
Eng Trans., Vol. XXI., pp. 240 241. 

tHeadden, William P. A New Phosphate mineral from the Black 
Hills of South Dakota, Am. Jour. Sci, 3d ser., Vol XLI., pp. 415-417. 

^Carpenter, Franklin R, The Mineral Resources of the Black Hills, 
tfaeJT Character, Occurrence and Extent. Dak. Sch. Mines, E*relim. Rep, 
1S8S, pp. 141-142. 
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Stannic oxide. Metallic tin. 

Per cent. Per cent 

Occidental mine Q6.42 75-86 

Tin Mountain mine 97.5 767 

First Find mine 94.7 74.5 

NiRRer Hill streaoi tin qi.6 73.84 

Nigger Hill stream tin 93. 73.2i 

Southern Hills stream tin 92.8 73 

Professor Carpenter calls attention tothe fact that while the 
stream tin is clearly derived from the tin veins by disintegration 
yet the vein tin carries a higher percentage of the metal than 
does the stream tin. This is peculiar, as alluvial tin is generally 
purer than lode tin because during the process of disintegration 
and transportation the more soluble impurities are removed. 
Heavy minerals other than cassiterite such as columbite, tanta- 
lite, etcetera, are found in the stream gravels of the Black Hills 
and possioly these aid in lowering the percentage of tin. 

The analyses given indicate the excellent character of the 
cassiterite, and no one acquainted with the tin deposits can 
donbt their great extent, hence the chief uncertainty is whether 
or not the mineral occurs sufficiently concentrated in any of the 
deposits to yield a continuous supply of ore of high enough grade 
to be profitably worked. High grade samples can be readily 
obtained from many localities but percentages in such cases have 
little value from an economic standpoint. Of the various reports 
and assays that have been made on the tin properties the follow- 
ing estimates and results will best serve our purpose:* 



Name of Assayer. 


Av. number of 
pounds of bl k 
tin per long 
ton of 2,240 
pounds of r'ck 


Pounds of 
White metal 
yield per ton 
of 2,240 tbs. 


Per cent 
of tin. 


Prof. W. P. Blake 


7J.8 


364 


1.625 


E. N. Riotte 


672 






Prof. H. Hoffman 


57-54 


39' 2 


i.74fi 


Prof. C M. Vincent (Estimate) , 


30. 


32.5 


I. 


Prof. C. M. Vincent (Select sam ) 




38.8 


'■732 


Capt. Josiah Thomas (Estimate 


40 


29,3 


1-3 



'Rolker, Charles M. The Production of Tin in Various Parts of tb* 
. World. Sixteenth Ann. Kept., U. S. G. S., Min. Rea . pt. Ill, p. 533. 
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Professor Carpenter estimates that in sorting the ore if only 

snch rock is saved as will carry ten pounds or more of cassiterite 

to the ton the average for the Black Hills tin ores will probably 

reach two per cent. Many individuals consider this estimate too 

I high while others think it too low. 

During the year 1892 five thousand tons of ore were milled 
by the Harney Peak company, but the concentrates collected 
were estimated to yield only one-fourtb of one per cent of 
metallic tin per ton of rock crushed. I-oss in concentration in- 
cidental to the use of new machinery doubtless influenced the 
result, but it is claimed that the loss was much greater 
than it should have been. The ore for this run. which 
occupied about two months, was obtained from many claims, and 
apparently little or no accouat was kept of the relative value of 
the ores from the various places. 

In the minds of many mining men the failure to profitably 
work the tin deposits in the past was due in great part to unwise 
management and not to the low grade of the ore. In view of 
this belief some effort is now being made to reopen old mines 
and possibly by careful avoidance of extravagant methods some 
of the more favorable deposits may yet be made to yield fair 
returns. 

The total amount of metallia tin that has been produced 
from Black Hills ores is indeRnite but small. In 1884 several 
hundred pounds were produced, in 1S91 four hundred forty-seven 
pounds and in 189,; nearly nine thousand pounds. Previous to 
1893 ore and concentrates including stream tin, the latter 
chiefly from the Nigger Hill district, were shipped to England 
sufficient to produce perhaps two or three tons of the metal. 
Considerable stream tin has seen shipped to England from the 
Nij^er Hill district during the past few years so that the total 
product of metallic tin from the Black Hills has possibly reached 
50,000 pounds. At the present time the placer miners of the 
Nigger Hill district have a number of tons of stream tin in their 
possession, and Mr. M. R. Hydliff, of Bear gulch, has more 
than oae hundred pounds of the metal which he has obtained 
from stream tin by such simple means as the assayer with small 
laboratory is able to utilize. One specimen of nearly pure 
stream tin (cassiterite) found by Mr. Hydliff in Bear gulch and 
now in his possession weighs eighty ounces. 
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TUNGSTEN. 

Tungsten of commercial importance was discovered near 
Lead in 1899. 

In the early days of the tin excitement ia the Black Hills 
wolframite, FeWo4, was identified at various localities in the 
Harney Peak and Nigger Hill granite districts but the deposits 
were not considered important, and no effort was made to pros- 
pect for the mineral. Since the discovery of the deposits in the 
northern Hills special search has been made for commercially 
valuable deposits in the granite areas but with the possible ex- 
ception of one or two properties in the Harney Peak region the 
search thus far has been fruitless. 

The existence in the refractory siliceous gold ores near Lead 
and on Yellow cresk of a hsavy mineral locally called "black 
irou" was known for sever.il years prior to 1899. This black 
material when sufficiently auriferous to be of value as a gold ore 
was sent to the sTislter and treated for its gold content. When 
low in gold values, which was frequently the case, it was thrown 
■out as worthless material, and thus considerable quantities i;rad- 
uilly accuTiulated in the wiste hiaoi of the mines where it 
occurs. 

Mr O. A. Reitz, a teacher in the Lead High school, became 
interested in the mineral on account of its high specific gravity, 
and in January, 1899, secured some of the material for examina- 
tion. A few simple tests proved the mineral to be wolframite. 
Manufacturers of tungsten steel immediately became interested 
in the region and various small sales of ore were quickly made 
at prices ranging from $100 to $250 a ton, the per centage of 
tungstic acid in these shipments varying from 35 to 54 per cent. 

Only two localities have thus far afforded ore in any appre- 
ciable quantity. One lies just north of Lead. The other is 
situated about two and one-half miles south-southeast of Leid. 
The deposits in both localities are intimately associated with the 
Cambrian siliceous ores. Much of the hill to the north of Lead 
forming the divide between Gold Run and Deadwood gulches is 
capped by Cambrian rocks, and it is near the gently rolling crest 
of the western portion of this hill that the most extensive wol- 
framite deposits have been found. These are known as the 
Lead deposits, and the following properties have contributed to 
the output: Durango, Harrison, Sula, Hidden Fortune, plate 
20, Reddy and Golden Crown. South-southeast of Lead on the 
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ridge between Yellow and Whitewood creeks there is a north- 
erly projecting tongue of Cambrian rocks in which wolframite 
occurs in consideTa.ble abundance, and the deposits here are 
known as the Yellow Creek deposits. The Wasp No. 2 and the 
Two Strike mines have been the chief producers A straight 
line drawn through the two wolframite areas follows closely the 
^histosity of the upturned metamorphic rocks bel^^w, and the 
open cuts of the Homestake mine which are situated immedi- 
ately east of the Lead deposits lie in a line nearly parallel to 
that connecting the wolframite areas. 

The wolframite bodies are quite irregular in shape although 
partaking to some extent of the form or outline of the flat jiold 
ore chutes with whijh thev occur. Their thickness is rarely 
more than two feet and the concentrated portions are generally 
only a few inches thick. Their ' lateral extent occasionally 
reaches thirty feet or more. Irving calls attention to' the lact 
that the wolframite should be considered in the nature of a basic 
phase of the siliceous gold ores rather than as a separate and 
distinct deposit since it always occurs in intimate association 
with them.* 

The wolframite is dense, black, granular, and shows good 
crystal faces only when the mineral has formed on the surfaceof 
cavities. Crystal druses of yellowish and green scbeelite, 
CaW04. are common Bartte, BaS04, is freguently present, 
sometimes in great abundance in large white tabular crystals. 
Stibnite, Sb2S3, in long slender crystals has been found in the 
leaner ores of Yellow creek. The last two minerals have been 
found however in siliceous gold ores elsewhere where no wol- 
framite has been detected hence possibly have little or no direct 
connection with the deposition of the wolframite. The wol- 
framite from the Hamey Peak and Nigger Hill districts is dis- 
tinctly crystalline and is easily distinguished from the ore of 
Lead and Yellow creek. It or':urs in pegmatitic granite inclose 
association with quartz. The mineral is unevenly distributed 
throughout the pegmatite and occurs in bunches or masses 
sometimes of several pounds weight. The percentage of tungs- 
tic.trioxide is high as is also manganese oxide, the former being 
SJven as 74.82 per cent and the latter at 19.95 P^i^ cent. 
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The following analysis of Yellow Creek wolframite is by Mr. 
W. F. Hillebrand of the United States Geological Survey.f The 
specimens for analysis were obtained at the Two Strike mine; 



Si 02 


12.87 


WO3 


61.50 


Fe2 03 


3.85 


FeO 


9.18 


Ab03 


0.S2 


MnO 


8.21- 


CaO 


0.93 


SrO 


ao2 . 


BaO 


0.04 


K2 0+Na2 O+U2 


0.08 


H2 0» 


a2o 


H2O" 


aS; 


AS2O5 


1.25 


P2OS 


0.12 


V2OS 


Trace 


S or SO3 


Trace 



99.64 

Assays: — Gold, 0.05 oz. per ton; silver, 0.25 oz, per ton. 
Extremely minute traces of Mg, Zn, Cu, Sb, and Sn were 
also found. 



•Up to 105° C. •♦Above 105* C. 

Concerning the mode of formation of the deposits and the 
probable source of material, I quote at length from Mr. Irving: 
"That they are formed through the gradual replacement of the 
country rock by wolframite, seems to 'the writer to be clearly in- 
dicated by the character of the ore, the nature of the beds in 
which it is found, and the metasomatic origin of the ores with 
which it is inseparably connected. First, the wolframite itself 
is filled with cavities of irregular form and distribution, such as 
are almost always to be observed in ores formed by replacement, 
where the aggregate volume of the mineral introduced is smaller 
than that of the original rock; secondly, the beds in which the 
ore occurs, are composed chiefly of magnesian limestone, often 

nth* 
. Traoa. Pamphlet Edition, Feb., 
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quite impure, it is true, but of a prevailingly soluble character; 
thirdly, the wolframite is an integral pan of the shoots of sil- 
iceous gold ore, the metasomatic origin of which has been con- 
clusively proved by careful microscopic study. 

"As regards the source from which the tungsten minerals 
have been derived, no positive conclusion can be formed; butthe 
relation of the deposits to the geology and to ihe other ore bod- 
ies of the neighborhood seems to furnish some evidence as to 
their derivation. They are found at two rather widely separated 
localities on the west side of the outcrop of the Homestake ore 
body. Along this line there has taken place, first, the heavy 
mineralization of the Algonkian rocks, which has produced that 
well-known ore body; secondly, the mineralization of the Cam- 
brian above, resulting in the formation of siliceoas gold cres, 
which are richer and contain a inorj varie I as,sortment of sec- 
ondary minerals than ores of similar character away from the 
Homestake lode; and, thirdly, the lorDiation of the ^volframite 
ores themselves It seems, then, that the line of strike of the 
Homestake lode is also a line along which mineralization has been 
both varied and unusually intense. During this extensive mineral 
ization, the circulation of waters capable of dissolving the nietallic 
contents of the surrounding rocks, must have been active. That 
these waters were, in the case of the siliceous ores, and hence in 
the case of the wolframite, ascending waters, is proved "by the 
concentration of these deposits beneath impervious beds. It is 
therefore not unreasonable to suppose that if wolframite occurred 
in the Algonkian rocks at some point below the deposits now 
worked, just as it occurs in its normal relations at other points 
within the Hills, the action of ascending thermal waters upon 
this material should have given rise to the mine rat- bearing solu- 
tions which carried the wolframite up to its present position, and, 
there encountering rock sufficiently soluble to admit of meta- 
somatic interchange, should have redeposited their metallic con- 
tents. 

"If this be true, it may be said that there are two distinct 
but genetically related types of wolframite deposit in this region: 
(i). That which characteristically occurs in the granitic and re- 
lated rocks of the Algonkian, and is comparable with thegreater 
number of such deposits from other parts of the world. This is 
instanced by the wolframite from Nigger Hill and the Etta tin 
mines in the southern Black Hills. It may be termed a 'primary' 
deposit. (2). That wtiich has been formed by the solution of 



SOUTH DAKOTA SCHOOL OF MINES. 75 

bodies of the first type, and a metasomatic redeposition of the 
material in stratigraphically higher beds. This may be termed 
'secondary,'"* 

The ore is low grade, demanding hand picking or machine 
concentration. Most of the material sold has been concentrated 
sufficieatly to give from 38 per cent to 50 percent tungstic acid 
Of the producing mines the Durango has placed the largest 
amount upon the market, while the Harrison has at the present 
time the largest amount immediately available. The price has 
varied from less than $100 to more than $^00 a ton, the earlier 
shipments commanding the higher prices. The total amount 
marketed will approximate 1 lO tons Practically all of this was 
sold during the years 1899 and 1900. 

GRAPHITE 

Graphitic slates are abundant in many partsol the Hills, and 
ia not a few places the p3rcentage of graphite is sufficiently 
high to arouse some interest in the economic possibilities of the 
deposits. Considerable prospucting has been done in the cen- 
tral Hills, particularly near Custer and Rochford. Recently six- 
teen car loads of the mineral were ground at the Mineral Paint 
Works in Custer, and shipped to Aurora, Illinois, for final prep- 
aration for market. 

MICA. 

The earliest explorations for mica in the BHck Hills were 
made in 1879, the McMacken mine, plate, 21 near Custer, being 
the first property upon which much work was done. Up to July 
I, 1884, it had produced 45,000 pounds of cut mica, at an average 
price of $3 a pound, or a total of $135,000. The New York, the 
Lost Bonanza, and the Climax mines were opened only a little 
later, and up to July i, 1884, had produced as follows: New 
York, 5,700 pounds, value $19,950; Lost Bonanza, 26,000 pounds, 
value $113,100: Climax 7,940 pounds, value $34,539 In addition 
to these mines, other smaller mines produced 40,000. The total 
product for the year 1884 amounted to 18,15a pounds, worth 
$63,525, The mines which contributed to this output were the 
Climax, the Lost Bonanza, the White Spar, the Eureka, the New 
York, the Last Chance, the Warren, the Keystone, the Window 
Light, the Millard, and the Nellie, of Custer county. In addition 

Some Recently Exploited Deposits of Wolframite in the 
■ " " '■ - "lition, Feb., 
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to these a small group of mines near Keystone, in Fenoingtoa 
county, including the Emma, the Peerless, the Celia, and the 
Alice, produced some mica, the amount not known.* 

With the output of 1884. most of the minea practically ceased 
operating, the work during subsequent years until 1899 consist- 
ing of scarcely more than such development work as is necessary 
to hsld claims During this period of quiescence the output so 
far as I am able to learn was as follows: 1886, 600 pounds; 1896, 
8,100 pounds; 1898, 990 pounds. In 1899 and 1900 the output 
greatly increased. During the latter year scrap mica was shipped 
for the first time, all of the earlier product having been sold in 
the form of sheets. The output in 1899 was 20,299 pounds, val- 
ued at $18,000. In 1900 the sheet mica output reached the un- 
precedented amount of 65,000 pounds, value $1(5,000, while the 
production of scrap mica amounted to 223 ii>ns, worth $1,554. 
The New York, the Lost Bonanza, and the Monarch mines were 
the chief producers, most of ihe output going to the Chicago and 
theNew York markets. During 1901 approximately 200, 000 pounds 
were shipped, but the proportion of sheet and scrap was not 
learned. The entire production came from the Crown tMc- 
Mackin) mine and the New York mine. 

The mica is found in pegmatite dikes, which occur in great 
abundance in the granite region of Pennington and Custer coun- 
ties. The dike material is made up chiefly of coarsely crystalline 
quartz, feldspar and mica, the masses of quartz and feldspar be- 
ing not infrequently developed in pieces of many pounds weight, 
and mica books two feet or more in diameter are said to have been 
mined. For a fuller description jf these dikes the reader is 
referred to the tin deposits described elsewhere in this paper. 

Many of the dikes do not contain large mica books in suffi- 
cient amount to make them profitable producers, but all have the 
mica present to a greater or less extent. The books sometimes 
show much regularity of arrangement with reference to the hang- 
iiig wall and the foot wall, the books being situated near 
the wall, and oriented in all planes perpendicular to it 
This arrangement is particularly noticeable in the New 
York mine, five miles west of Custer, where the pegmatite dike 
has a thickness of forty feet, and in which most of the workable 
mica lies within a few feet of the outer walls, the side next the 
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foot wall having produced the larger quaatity. In many mines 
the mica is irregularly distributed within the dike and when 
such is the case much worthless gangue must be removed, and 
exploratory work is necessarily carried on with some degree of 
uncertainty. Thus it is clear that the percentage of mica in 
given portions of the dike varies widely. The mica occasionally 
amounts to eight or ten per cent or the total mass of .pegmatite 
mined, but it is generally much less. 

In the early days, when mining was active, stove mica was 
the chief product, but now most of the material js sold for use in 
electrical work. Much of the scrap mica formerly considered as 
waste material, has been sold to be ground for lubricating 
purposes. 

Concerning the probable future development of the Black 
Hills mica industry, 1 cannot do better than to quote from Profes- 
sor J. A. Holmes, who has made a study of the deposits: "There 
are undoubtedly large quantities of mica which, with fair prices 
and modern mining methods, can be profitably taken from the 
McMackin, Climax, New York, Lost Bonanza, White Star, and 
a dozen other mines in that district. Besides these there are 
numerous other large, unopened dikes which exhibit on the sur- 
face as good prospects as did originally many of those which have 
.been more or less developed. The mica in this district is, as a 
rule, good in color and free from iron specks. Its greatest defect 
is the considerable extent to whicti the blocks or 'books' of mica 
are ruled and wedge-sliaped, making the sheets smaller and the 
splitting defective. But notivithstanding these defects, there are 
still to be found in Custer and Pennington counties large quanti- 
ties o( high grade mica. Indeed, it may be fairly claimed that 
mica mining in the Black Hills region is yet in its infancy."* 
SPODUMENE. 

Spodumene, LiAlCSiOs) z, has recently achieved com- 
mercial importance in the Black Hills and considerable loc^l 
activity has been shown in the development of the industry. 
The deposits are all found in the Harney Peak distri'-.t in Custer 
and Pennington counties. 

Attention was first attracted to the mineral during the tin 
mining activity, at which time its occurrence was observed in 
several localities. The most noted of these is the Etta mine, 

•Holmes, J. A. Mica Deposits in the United States. Min. Res, of the 
United States, 1898, U. S G. S.. part VI. conL pp. 705-706 
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plate 19, at ]^hich place exposures have beea made of some of 
the largest crystals known to this miaeral species Owing to 
their extreme size and irregularity of position mining operations 
seldom disclose complete lengths, but Professor Blake mentions 
one showing in the sides of a drift for thirty-six feet without 
break or defJectton,* In diameter they range up to four feet or 
more. Crystals three feet in diameter are not uncommon, and 
those havipg diameter of as much as two feet are abundant Mr 
Samuel Scott informs me of one crystal on property adjoining 
the towosite of Custer that has been exposed for a distance of 
tea feet and which measures in cross section five feet four inches 
Dy four feet nine inches 

• The crystals or "logs" as they are more generally cnlled by 
the local miners lie imbedded in the pegmatite matrix already 
referred to under the subject of tin. and are intimately associated 
with the tin-bearing material. They apparently lie in all possible 
positions with reference to each other, sometimes considerably 
separated, sometimes segregated in bunches but more often 
evenly distributed through the pegmatite in great projEusion, 
plate 22 

The mineral associates of the spodumene in the Black Hills 
are practically the same as those given elsewhere in this paper 
for cassiterite and, with the possible exception of two or three 
unimportant minerals there mentioned, were contemporaneous. 
In reference to their origin Prof. Blake says: "All these 
minerals appear to have crystallized out of a semifluid or pasty 
magma in which the elements were free to arrange themselves 
from one side of the dike to the other, and to separate out by 
slow crystallization. There is a banded arrangement, sometimes 
very distinct, and again obscure; but different from the banded 
structure seen in fissure veins, where there appears to have been 
an open fissure subsequently filled gradually by the flow of water 
depositing layer after layer upon each side of the fissure until it 
became filled. In the dikes the rude structure seems rather to 
be due to the crystallization of the magma which filled the space 
between the walls, the difference of the structure of the portion 
next to the walls being the result possibly of difference of 
pressure or temperature, or the different temperature or con- 
ditions governing the formation of one compound after another. 

•Blake, W. P. Tin Min. Res. of the United States. 1883-84, U, S, G. S., 

Digitized bvGoO^^IC 



,db,GoOglc 



,db,GoOglc 



SOUTH DAKOTA SCHOOL OF MINES 79 

Thus in the great dike or injected mass of the Etta mine, mica 
is generally found next to the waits, so also at the IngersoU, 
while feldspar and quartz fill the center; but this central mass 
is penetrated in every direction by the enormous crystals of 
spodumene, the cassiterite being disseminated in bunches, but 
particularly in the included masses of aibitic greisen which seem 
to have filled the spaces left after the other minerals had 
assumed their form "* 

Attention seems to have been first directed in 1895 to the 
possible economic value of the spodumene. During the summer 
of that year a lithium analysis of the mineral was made at the 
South Dakota School of Mines and Dr. M'Gillicuddy, then Dean 
of the School, endeavored to have the mineral investigated by 
reliable chemical manufacturers. Little or no active attention 
was givrn to the subject until throe years later when during the 
latter part of 1S98 one car load of thirty tons of the spodumene 
was mined at the Etta for experimental purposes under the 
direction of Messrs. Reimbold and Company of Omaha. During 
the following year. 1899, the Etta produced 500 tons and in 1900 
approximately 700 tons. .\ considerable proportion, however, 
of the latter amount remained last year at the mine ready for 
shipment and active operations for the time being have ceased. 

Subsequent to the earlier shipments from the Etta other 
properties were developed and various amounts have been mined. 
Several of these properties show large crystals, especially the 
Wood mine, two and one-half miles east of Keystone; the Boom- 
erang, one mile southeast of Keystone; the Sunday Fraction 
immediately adjoining the Boomerang; and the Palmer gulch, 
five miles southeast of Hill City. Each of these has produced 
about 200 tons. In addition to these properties spodumene has 
been found on the Grand View claims situated adjoining the 
Boomerang and the Sunday Fraction; on the Tin Mountain 
■ vein, six miles west of Custer; on the veins of the Telegraph 
Group; and on properties near Cu!.ter and Glendale. It is 
doubtless present also in greater or less abundance on many 
claims where little attention has been paid to its observation. 

The value of the mineral varies with the lithia content. 
The samples analyzed at the School of Min^s carried 6. 16 per 
cent lithia, and this is perhaps a fair average. The chief use of 
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the product is in the manufacture of lithium salts, chiefly lithium 
carbonate, for the preparation of lithia water. Most lithium 
salts are obtained from lepidolite, nearly all of the supply for the 
United States being imported from Europe. The chemical 
processes are complex and rather carefully guarded, and it has 
been found difficult to develop methods for e;ctractiag the lithia 
content from the spodumene with profit. For this reason there 
has been practically no regular price offered for the mineral, 
most of the material having been secured by direct purchase of 
clainv or by royalty arrangement. The total cost per ton of 
most of the material delivered on the car at Keystone has been 
between $20 and $25. A total amount of about l,6cX) tons has 
been shipped. 

MISCELLANEOUS MfNERALS. 

Of the many minerals occurring within the Hills a few in 
addition to those already described deserve mention here. 

Antimony in the form of jamesonite is found in some 
quantity near Silver City and Rochford, The extent and value 
of the deposits have not been determined. 

Bismuth is occasionally found in the southern Hills, and a 
few years ago some exploratory work was done in this connection 
near Hayward. The efforts laited to reveal good material in 
quantity, and after a short time operations ceased. 

"In the early days of Black Hills mining not a little interest 
was taken in the occurrence of cinnabar on Victoria creek a few 
mites above Rapid City. Later the mineral was found also near 
Pactola and Rochford. Considerable prospecting was done but 
no deposits of importance were found and the search was 
abandoned. 

Nickel is said to occur in many places. Pyrrhotite is found 
throughout the Algonkian area and Professor Carpenter states that 
in practically every instance the Pyrrhotite carries nickel. More 
recent investigation has thrown doubt upon the general applica- 
tion of this statement, and in the absence of careful analyses 
little can be said in regard to the possibilities of the metal within 
the Hills. 

Uranium minerals have been observed in various places, 
particularly in the Poisoned Ox mine near Pactola, and in the 
Davier mine on Anna creek near Portland. Uranium is also 
reported as occurring near Carbonate. At the Poisoned Ox 
mine the mineral occurs with copper in slates. In the Anna 
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creek property it is intimately associated with porphyry. At 
the latter place effort has been made to obtain the inineral in 
commercial quantities, but as yet success has not been attained. 
Rarer minerals of beauty and interest but of little or no 
value in metallurgical processes ocrur throughout the Hills To 
local dealers they are a constant source of profit but their 
description does not come within the purpose of this paper. 

RESUME OF MINERAL PRODUCTION. 
In the table given below the writer has endeavored to 
summarize as carefully as possible the total mineral production 
of the Black Hills. From what has been given on previous 
page.s it may be'inferrud that the statistics of output of gold, 
silver, tin, tungsten, mica, and spodamene are fairly complete 
and approximately accurate. The estimate for lead is quite 
uncertain and ma.y need correction. The output given for 
copper, iron, maganese, graphite, and miscellaneous minerals is 
also uncertain. Perhaps least is known of the total production of 
structural materials, lime for fluxing purposes, abrasive materials, 
etc., hence the figures given under the head of Structural 
Materials, etc., should be considered only a rough estimate made 
with little available data. (See footnote, page 9, ) 

Gold $100,310,000 

Silver , . 4154.000 

Lead 400,000 

Copper, Iron. MangaaeBe, Granhite, etc 40 000 



Tungslea 35,000 

Mica — ., .. 600,000 

Snodumene 40,000 

Structural Materials, etc, 3,600,000 

Total.. I $109,079,000 

CONCLUSION. 

The mining interests of the Black Hills were never in a more 
satisfactory condition than at the present time. For several 
years the mineral output has been steadily and rapidly increas- 
ing. The mining problems have always been fairly simple, and 
metallurgical difficulties which long hindered the development of 
much good property have been largely overcome. 

The Homestake, the great mine of the Hills, has never be- 
fore dropped so many stamps nor produced so much gold. 
Among the siliceous deposits high grade ores continue to be 
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found, nearly all of the developed mines are regularly producing, 
and at no previous time has it been possible to utilize so ;nuch of 
the lov;' grade ores. Mines are being protitably opened on mia- 
eral deposits which hitherto have received little or no 
attention, and older mines once abandoned are being rejuve- 
nated. Mills and metallurgicalplantsjudiciouslyconstructedaad 
backed by worthy quantities of suitable ore are rapidly multiply- 
ing and wise management and modem methods prevail. 
Good yellow pine, Pinus ponderosa, suitable for mine timbers, 
buildings and fuel, is in great abundance, various coal deposits 
are convenient, and water is generally plentiful. Excellent de- 
tailed topographic maps prepared by the United States Geologi- 
cal Survey are available, a bullion depository government assay 
office has been established at Deadwood, the railroads are ad- 
vancing in harmony with the needs of the region, and all classes of 
mineral development give assurance of stability and growth. 
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